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ABSTRACT
We present HI 21 cm spectroscopy from the GBT for the host galaxies of 31 nearby AGNs with direct MBH
measurements from reverberation mapping. These are the first published HI detections for 12 galaxies, and the
spectral quality is generally an improvement over archival data for the remainder of the sample. We present
measurements of emission-line fluxes, velocity widths, and recessional velocities from which we derive HI
mass, total gas mass, and redshifts. Combining MGAS with constraints on MSTARS allows exploration of the
baryonic content of these galaxies. We find a typical MGAS/MSTARS fraction of 10%, with a few reaching ∼30-
50%. We also examined several relationships between MSTARS, MGAS, MBH, baryonic mass, and morphological
type. We find a weak preference for galaxies with larger MGAS to host more massive black holes. We also find
gas-to-stellar fractions to weakly correlate with later types in unbarred spirals, with an approximately constant
fraction for barred spirals. Consistent with previous studies, we find declining MGAS/MSTARS with increasing
MSTARS, with a slope suggesting the gas reservoirs have been replenished. Finally, we find a clear relationship
for MBH-MBARY with a similar slope as MBH-MSTARS reported by Bentz & Manne-Nicholas (2018). The dwarf
Seyfert NGC 4395 appears to follow this relationship as well, even though it has a significantly higher gas
fraction and smaller MBH than the remainder of our sample.
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1. INTRODUCTION
Hydrogen is the most abundant element in the universe
(Payne 1925), and is of fundamental importance in galactic
and extragalactic studies. The spin-flip transition of electrons
in neutral hydrogen (HI) atoms gives rise to the hyperfine
21 cm line radiation, which is easily detected from gas-rich
galaxies (usually late-type galaxies, e.g. Haynes & Giovanelli
1984, and references therein).
The HI emission line provides a number of interesting de-
tails about the host galaxy. First, the Doppler-shifted reces-
sional velocity yields one of the most reliable redshift mea-
surements of extragalactic sources. Since the neutral gas is
spread throughout the galaxy, it follows that the center veloc-
ity of the emission profile acts as a systemic velocity indicator.
HI 21 cm emitting gas is also cold (∼ 120 K), and reflects the
overall motion of the disk as opposed to gas at hotter temper-
atures (∼ 10,000 K) emitting in the optical (e.g. [O III]; Os-
terbrock & Pogge 1987). These higher temperature emission
lines can be affected by the internal motion of the regions in
which they emit, thus affecting the radial velocity and hence
the redshift measurement (e.g., nuclear, optical emission lines
reflecting net outflow motion; Mirabel & Wilson 1984).
Secondly, for inclined disk galaxies, the HI line width pro-
vides insight into their rotation speeds. The integrated emis-
sion profile is based on the distribution of radial velocities
of the rotating disk, and correction for the disk’s inclination
provides a constraint on the maximum rotation rate (Fisher
& Tully 1977). Inclination-corrected widths of observed HI
profiles are thus related to the rotation curves of disk galaxies
(Roberts 1969; Epstein 1964).
Finally, the total area under the integrated HI line provides
an estimate of the total atomic gas content. For galaxies with
angular extents smaller than the beam size of the telescope,
the integrated HI flux is related to the total number of hy-
drogen atoms, and thus the mass in atomic hydrogen (MHI;
Roberts 1962). Atomic hydrogen is normally the dominant
gas phase in disk galaxies, with molecular hydrogen (H2) as
the next significant component. HI has been observed to sat-
urate and condense to H2 above a threshold surface density of
∼ 10 M pc−2 (Martin & Kennicutt 2001; Wong & Blitz 2002;
Bigiel et al. 2008), and giant molecular clouds are the domi-
nant locations for star formation in spiral galaxies (e.g., Leroy
et al. 2008). There have been many studies aimed at estimat-
ing the molecular gas content of disk galaxies (e.g., Cortese
et al. 2017), for example showing that MH2 /MHI scales as a
function of morphology (Young & Knezek 1989; McGaugh
& de Blok 1997). There is significant scatter in all of the
distributions from Young & Knezek (1989), but the mean of
their result for late-type spirals is MH2 /MHI ∼ 0.2±0.1. Con-
straints on the solar helium abundance, the next most abun-
dant element and significant gas mass contributor, place the
MHE /MHI fraction in the range of 0.274 ± 6% (Cox 2000).
The typical cosmic abundances of other elements such as car-
bon, nitrogen, and oxygen are only small fractions of the hy-
drogen abundance in spiral galaxies, including the Milky Way
(e.g., Spitzer 1998; Obreschkow & Rawlings 2009). Yet, the
mass contribution from non-HI gas is typically less than the
uncertainty involved in constraining MHI. So the total gas
mass of a galaxy (MGAS) is often estimated by simply apply-
ing a scale factor to MHI to account for these contributions,
the vast majority of which is helium (McGaugh 2012, and
references therein).
The first significant HI study of galaxies hosting an ac-
tive galactic nucleus (AGN) was an exploration of the rela-
tionship between the disk and the nucleus of Seyfert galax-
ies by Heckman et al. (1978). That initial study hinted that
the host galaxies of AGNs have a relationship between UV
excess outside of the nucleus and the ratio of atomic gas to
ar
X
iv
:1
90
6.
07
06
2v
1 
 [a
str
o-
ph
.G
A]
  1
7 J
un
 20
19
2 ROBINSON, ET AL.
galaxy luminosity (MHI/L; luminosities from Heckman et al.
1978 are derived from the B-band magnitudes from de Vau-
couleurs et al. 1976), perhaps implying that feedback from
nuclear activity triggers star formation in the larger galaxy
disk. Heckman et al. (1978) also mention the tendency for
Seyferts in their study with peculiar HI properties (e.g., HI
absorption, abnormal MHI/L) to have peculiar morphologi-
cal characteristics (e.g., double nucleus, one spiral arm, faint
disk). Peck & Taylor (1998) conducted an HI kinematic study
near the active core of NGC 3984, finding that all the HI
components were redshifted with respect to the stellar con-
tent of the galaxy, which they interpreted as the signature of
central parsec-scale gas infalling and feeding the nucleus. Fa-
bello et al. (2011) used the Arecibo1 Legacy Fast ALFA (AL-
FALFA) Survey (Giovanelli et al. 2005) to search for trends
in the fraction of MHI to stellar mass (MSTARS) and black hole
accretion rate. For galaxies with low star formation rates
(log SFR / MSTARS < - 11.0), the accretion rate scaled with in-
creasing MHI/MSTARS.
Not all of the literature points to correlations between HI
content and AGN activity, though. For galaxies with mod-
erate star formation rates (log SFR / MSTARS > - 11.0) in the
study by Fabello et al. (2011), no relationship was found be-
tween MHI/MSTARS and accretion rate. Bieging & Biermann
(1983) conducted HI studies of active and interacting galax-
ies and compared their HI fluxes to the Rieke (1978) survey of
10.6µm emission from Seyfert nuclei and found no correla-
tion. Their reasoning was that the infrared fluxes refer only to
the nucleus as opposed to the HI flux which originates from
the entire disk, therefore concluding no connection between
gas and AGN luminosity. Finally, in their review of coevo-
lution of black holes in AGNs and properties of their hosts,
Heckman & Best (2014) conclude from a number of studies
that HI is unlikely to reside within the central regions of AGN
host galaxies. Heckman & Best (2014) also mention that HI
surface density in all spiral galaxies, whether active or inac-
tive, is usually lower or near zero at the center, and gas present
near the central supermassive black hole (SMBH) is likely to
be primarily molecular in the case of inactive galaxies, or ion-
ized in the case of AGN. Thus, there seems to be no clear
picture of how the overall gas content of a galaxy is related to
AGN fueling.
However, we know that active galaxies have gas accreting
onto their central SMBHs, and that the gas reservoir is large
enough and/or replenished often enough to fuel the black hole
for ∼ 107 years (Martini 2004), perhaps multiple times in the
history of the galaxy. The growth of the SMBHs in AGNs via
accretion also appears to be related to the growth of the bulges
of their host galaxies (see reviews by Heckman & Best 2014
and Kormendy & Ho 2013). The gas flows that fuel the accre-
tion and growth of the SMBHs and bulges can be driven by
mergers, with slower, gradual processes such as gravitational
interactions with bar and spiral structures (Kormendy & Ken-
nicutt 2004; Athanassoula 2008), or rapid, gas-rich disk insta-
bilities (Genzel et al. 2014; Bournaud et al. 2010; Elmegreen
et al. 2008; Dekel et al. 2009). Furthermore, over the past two
decades it has become clear that galaxies and SMBHs have
a symbiotic relationship, even though their typical size scales
are different by orders of magnitude. Empirical scaling rela-
tionships between the central SMBH mass (MBH) and the host
1 The Arecibo Observatory is part of the National Astronomy and Iono-
sphere Center, which is operated by Cornell University under a cooperative
agreement with the National Science Foundation.
galaxy itself have been the subjects of many studies (e.g., Fer-
rarese & Merritt 2000; Gebhardt et al. 2000; Kormendy & Ho
2013). It is therefore of interest to examine whether there is
any relationship between MBH and the gas properties of their
host galaxies.
In this paper, we present the results of HI spectroscopy of
44 AGNs with direct MBH measurements from the reverber-
ation mapping database2 of Bentz & Katz (2015). In Section
2, for those galaxies where HI emission is detected, we pro-
vide measurements of profile widths, recessional velocities
and thus redshifts, and HI flux. In Section 3, we detail our
derived quantities of MHI and MGAS from the raw measure-
ments, as well as other characteristics of the host galaxies and
central black holes. In Section 4, we explore the relationship
between MBH and MGAS, and we test relationships between
MBH and baryonic mass (MBARY), and MGAS and MSTARS.
Throughout this work we adopt a ΛCDM cosmology of
H0 = 72 km s−1 Mpc−1 (Freedman et al. 2001), ΩM=0.3, and
ΩΛ=0.7 (Bennett et al. 2014).
2. DATA
2.1. Target Selection and Observations
Our ultimate goal for these observations is to employ the
Tully-Fisher distance measurement method (Tully & Fisher
1977) to provide a significant number of distances for galax-
ies in the reverberation mapping sample. In this paper, how-
ever, we focus on the HI properties of the galaxies. We be-
gan with the database of all broad-lined AGNs with black
hole masses derived from reverberation mapping (Bentz &
Katz 2015). Because the Tully-Fisher method requires spi-
ral galaxies, the AGNs hosted by elliptical galaxies were re-
moved from the sample. Potential targets were then removed
if they were at z > 0.1, and therefore likely outside the reach
of the Tully-Fisher method (Reyes et al. 2011). Finally, the
large, unblocked 100 m dish of the Robert C. Byrd Green
Bank Telescope3 (GBT) and its access to a large fraction of
the sky make it ideal for sensitive 21 cm observations, there-
fore any remaining sources that were outside the pointing lim-
its of the GBT were removed from the sample. The final se-
lection consisted of 27 active galaxies observed in the spring
of 2013 (project ID GBT13A-468; PI: Ou-Yang) and 17 ac-
tive galaxies observed in the fall/winter of 2018-2019 (project
ID GBT18B-258; PI: Robinson).
The GBT Spectrometer backend was used for GBT13A-
468 and employed a 12.5 MHz bandwidth and 8,192 chan-
nels with velocity resolution of 0.3 km s−1 channel−1. The
GBT Spectrometer has since been retired, so we employed
the VErsatile GBT Astronomical Spectrometer (VEGAS) for
GBT18B-258. The VEGAS mode we employed has an
11.72 MHz bandwidth, 32,768 channels, and velocity reso-
lution of 0.08 km s−1 channel−1. The large 9.′1 GBT L-Band
beamwidth, defined as the full-width at half-maximum of the
beam, encompassed even the largest optical angular sizes of
our target galaxies.
Targets were observed in position-switched mode in pairs
of equal on-off exposures, which were typically 60 second
scans for GBT13A-468 and 120 second scans for GBT18B-
258. All of the scans were divided into individual integrations
of 3 seconds, so that if radio frequency interference (RFI) ap-
peared, we could discard only the affected integrations rather
2 http://www.astro.gsu.edu/AGNmass/
3 The Green Bank Observatory is a facility of the National Science Foun-
dation operated under cooperative agreement by Associated Universities, Inc.
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Figure 1. HI emission line spectra from GBT13A-468 after reduction, baseline subtraction, and smoothing with GBTIDL v2.8. Hanning smoothing was applied
to all profiles, and further smoothing was dependent on the S/N (see Sec. 2.2). Note that Mrk 6 and NGC 7469 exhibit central absorption features. The vertical
dashed lines indicate VR measurements from gmeasure.
than the whole scan. Off-source sky observations allowed
for the removal of the frequency structure of the raw band-
pass and an improvement in the signal-to-noise ratio (S/N).
Total on-source exposure times were estimated from the ex-
pected gas content of the galaxy (based on its morphological
type), its expected distance (based on redshift), and a goal of
achieving S/N=10 in the peak flux of the HI emission line.
We capped our initial time requests at 9 hours per source, but
for a few weak yet promising targets, we requested and re-
ceived additional time to improve the S/N. In total, our obser-
vations covered 184 hours for GBT13A-468 and 208.25 hours
for GBT18B-258, with total on-source exposure times rang-
ing from∼ 6 minutes to 16 hours. Table 1 lists the targets and
the details of their observations.
2.2. Reduction
Data reduction was carried out with GBTIDL (Marganian
et al. 2006) v2.8 for GBT13A-468 and v2.10.1 for GBT18B-
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Figure 2. HI emission line spectra from GBT18B-258 after reduction, baseline subtraction, and smoothing with GBTIDL v2.10.1. Hanning smoothing was
applied to all profiles, and further smoothing was dependent on the S/N (see Sec. 2.2). The vertical dashed lines indicate VR measurements from gmeasure.
258. The updated software includes the ability to reduce spec-
tra taken with the VEGAS backend, as well as bug fixes. In-
dividual scans were visually inspected, and those which con-
tained significant saturation from RFI were removed. The
getps GBTIDL procedure retrieved the on-source and cor-
responding off-source data for each scan pairing and per-
formed the (ON-OFF)/OFF operation. Scans were then accu-
mulated and averaged over for each target. Weaker RFI spikes
were manually removed by interpolating over the interference
in the accumulated spectra. Targets that required several hours
of exposure time were generally observed in separate blocks
across a few days. Scans from separate observing sessions
were managed in the same way; all scans from each observa-
tion block of the same source were accumulated and averaged
at once into a single spectrum.
We fit a low-order polynomial (typically order 3) to the re-
maining baseline in each combined spectrum and subtracted
it. Hanning smoothing (Hann 1903) was then applied to all
spectra after accumulation and baseline subtraction. Hanning
smoothing is a running mean across the spectrum that aids in
reducing the ringing produced by strong RFI sources and re-
duces the spectral resolution by a factor of 2. Higher order
smoothing was then applied to spectra with low apparent S/N
to aid in the measurement of the emission line properties.
We detected HI 21 cm emission in 18 of the 27 targets from
GBT13A-468 and in 13 out of 17 for GBT18B-258. Some of
the more distant objects in the sample with z > 0.05 resulted
in non-detections within the allotted exposure time. Figs. 1
and 2 show the reduced, smoothed, and baseline subtracted
spectra for targets where HI emission was detected from pro-
grams GBT13A-468 and GBT18B-258, respectively. We re-
port in Table 2 the total resulting on-source exposure times af-
ter removal of contaminated scans, an approximate S/N for all
spectra, values for the root-mean-square (RMS) of the noise
in each spectrum, the final velocity resolution after smooth-
ing, and the corresponding backend. For dual-horned profiles,
approximate S/N values were calculated first by taking the av-
erage of the peak fluxes in each horn. We then averaged that
with the mid-profile peak flux, and divided by the RMS of the
noise to produce the approximate S/N. For Gaussian profiles,
HI SPECTROSCOPY OF RM AGN 5
Mrk 1310
5600 5800 6000 6200
Velocity (km s-1)
-0.005
0.000
0.005
0.010
0.015
An
te
nn
a 
Te
m
pe
ra
tu
re
 (K
)
Mrk 290
8800 8900 9000 9100 9200 9300 9400
Velocity (km s-1)
-0.002
0.000
0.002
0.004
0.006
An
te
nn
a 
Te
m
pe
ra
tu
re
 (K
)
NGC 3227
800 1000 1200 1400 1600
Velocity (km s-1)
0.00
0.05
0.10
0.15
An
te
nn
a 
Te
m
pe
ra
tu
re
 (K
)
NGC 5940
10000. 10100. 10200. 10300. 10400. 10500.
Velocity (km s-1)
-0.005
0.000
0.005
0.010
0.015
0.020
An
te
nn
a 
Te
m
pe
ra
tu
re
 (K
)
Zw 229-015
8100 8200 8300 8400 8500 8600
Velocity (km s-1)
0.000
0.002
0.004
0.006
An
te
nn
a 
Te
m
pe
ra
tu
re
 (K
)
Ark 120
9400. 9600. 9800. 10000. 10200.
Velocity (km s-1)
0.000
0.005
0.010
0.015
0.020
An
te
nn
a 
Te
m
pe
ra
tu
re
 (K
)
Figure 3. Example BUSYFIT (Westmeier et al. 2014) profiles for representative galaxies in our sample. The data is in black, the model fit is the solid red curve.
The top row are profiles from GBT13A-468, the bottom are profiles from GBT18B-258. The vertical dashed lines indicate VR measurements from BUSYFIT.
the approximate S/N was calculated as the peak flux value di-
vided by the RMS of the noise.
2.3. Analysis and Measurements
Measurements of the emission-line widths, center-line re-
cessional velocities (VR), and integrated line fluxes were de-
termined with two methods. The first method utilized the
gmeasure procedure available within GBTIDL, which cal-
culates line widths, fluxes, and recessional velocities directly
from the data. For width measurements, the gmeasure pro-
cedure determines the edges of an emission profile by lin-
ear interpolation over channels containing the profile until the
data are greater than the provided threshold. The threshold is
normally 50% or 20% times the mean flux over the range of
channels containing the HI signal. W50 and W20 values (line
widths at 50% and 20%, respectively) as well as VR values
are provided in km s−1. We choose the mean flux, rather than
the peak flux, for determination of W50 and W20 because it is
less sensitive to the noise level, especially when a profile con-
sists of significantly asymmetric peak horn fluxes. Calculated
line fluxes are given in terms of antenna temperature (TL; see
Section 3) in K km s−1. Uncertainties on the gmeasuremea-
surements were achieved using a bootstrap method. We began
by defining beginning and ending spectral channel windows
on either side of the line profile. The designated range of
channels for each window on each side was unique to each
profile and was mainly dependent on the noise properties (see
Table 2), but was typically ∼ 50 channels in width. We then
performed 100,000 iterations in which a starting and ending
wavelength were randomly drawn from the defined windows,
and a line width, flux, and central velocity were calculated
using gmeasure. A distribution of each measurement was
built up in this way, and we report the median of the distri-
bution as the measurement value and the measurement uncer-
tainty as the 1-σ deviation from the median on each side of
the distribution, allowing for asymmetric distributions.
The second method employed the BUSYFIT software
(Westmeier et al. 2014). For well-defined profiles, BUSYFIT
is able to automatically determine the best-fit parameteriza-
tion, but for noisy or poorly-defined profiles, additional user
intervention is necessary. Measurements of W50 and W20,
(which in this case are defined as line widths at 50% and 20%
of the peak flux density, which differs slightly from the defini-
tion employed by gmeasure), TL, and VR are derived from
the BUSYFIT profiles. For both methods, we define VR in the
optical convention (c(λ-λ0)/λ0). The fitting function has the
form
B(x) =
a
4
× (er f [b1{w+ x− xe}]+1)
× (er f [b2{w− x+ xe}]+1)× (c|x− xp|n +1)
(1)
where x denotes the spectral axis input, a is the amplitude
scaling factor, the error functions fit the sides of the HI profile
(flanks), b1 and b2 are the independent slopes of the flanks
allowing for asymmetric shapes of the lines to be fit, w is the
half-width of the HI profile, xe and xp are separate offsets also
aiding in fitting asymmetric profile shapes, and c denotes the
amplitude of the central trough of the profile relative to the
flanks which is fit with a polynomial of degree n.
The majority of the dual-horned profile fits converged with-
out the need to hold any free parameter values fixed. Most
well-defined, Gaussian-shaped profiles also achieved conver-
gence in the fit. For these, BUSYFIT automatically fixes the
parameters included in the central trough factor of the fitting
function (c, xp, and n) at 0. We found it common that low S/N
or weakly defined dual-horned profiles required holding the c
and n values fixed because the initial fits often converged to
Gaussian shapes. We also found common that narrow, low
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S/N Gaussian profiles required holding at least one of the
flank slopes fixed as the initial fits resulted in either extremely
high uncertainties in these parameters or did not reach conver-
gence. Generally in the cases which necessitated parameters
to be held fixed, we inferred the values from the fits for well-
defined profiles which converged automatically. We assessed
by eye the accuracy of the shape of the fit relative to the in-
herent shape of the emission line, and we estimate the follow-
ing additional uncertainties on each parameter: n: ±15%, c:
±29%, w: ±4%, b1: ±21%, b2: ±22%, xp: ±8.5%.
BUSYFIT offers a number of methods for determining un-
certainties. We employed the Monte Carlo method which gen-
erates 10,000 best fits by randomly varying the free parame-
ters in each iteration. The variations are dependent on the
covariance matrix of the values of the free parameters, with
each parameter’s random distribution centered on the initial
fit value and standard deviation derived from the square root
of the diagonal elements of the covariance matrix. The un-
certainties are assumed to be symmetric and are reported as
the standard deviation from the mean of the resulting mea-
surement distribution. For uncertainty determinations on fits
in which parameters were held fixed, there is a tendency
for underestimations due to the fixed parameters not con-
tributing to uncertainty propagation. To account for this, we
conducted best fits on SBS1116+583A (the lowest S/N HI
profile in which no parameters were held fixed for the re-
ported BUSYFIT measurements), fixing each free parameter
and each combination of fixed free parameters to calculate
the differences in resulting uncertainties from the initial fit’s
uncertainties. We then inflated the measurement uncertain-
ties by a corresponding amount to match the differences on
SBS1116+583A for objects with parameters that were held
fixed in the fitting process.
Fig. 3 displays the best-fit BUSYFIT profiles overlaid on
the HI spectra for a few representative galaxies. Profiles from
GBT13A-468 are displayed in the top row, and profiles from
GBT18B-258 in the bottom row. Table 3 reports the mea-
sured values of TL, W50, W20, and VR from gmeasure
and from BUSYFIT. Comparisons between all measurements
from gmeasure and BUSYFIT are shown in Fig. 4. Mea-
surements from GBT13A-468 are shown in solid black cir-
cles, and GBT18B-258 are show in open blue circles. A line
of unity is shown in each panel, and the differences between
the two methods’ measurements are shown below each panel.
The results are generally in close agreement even though the
definitions of the line widths are slightly different, with only
a few objects showing large discrepancies. NGC 3227, in par-
ticular, has a highly asymmetric line profile with a low central
trough and blueshifted horn. This makes the determination of
W50 quite sensitive to the noise in the spectrum, and whether
50% of the peak flux is below or above the blueshifted horn.
If we choose the peak flux definition for gmeasure’s W50
measurement, we find a more consisent value with BUSYFIT.
Both MCG-06-30-15 and Mrk 478 show some disparities in
their line widths due to the low S/N in their spectra. And for
Gaussian-shaped profiles, like those seen in Mrk 279, NGC
5548, Mrk 704, Mrk 110, NGC 3516, and Mrk 493, the two
methods are more likely to disagree due to the difficulty in
determining the true edges of the profiles. We also note that
three of our spectra (NGC 4051, NGC 4593, NGC 5548) ex-
hibit the surprising feature of excess HI emission at or near
the systemic velocity. For the remaining analysis, we prefer
the measurement values from gmeasure due to their asym-
metric distributions more accurately reflecting the asymmetric
nature of the majority of the profiles.
2.4. Notes on Individual Objects
Of the 31 galaxies with HI detections in our sample, 12 have
not been previously studied in HI. For the remaining objects,
we have tabulated their previous measurements for compari-
son with our own in Table 4. Below, we include a short dis-
cussion of the different measurements for each object. We
also include discussion on the best-fit models produced by
BUSYFIT whenever user intervention was necessary.
Two of the objects in this study, Mrk 6 and NGC 7469
(see Fig. 1) exhibit a strong center-line absorption feature in
their HI profiles. While the absorption does not affect their
line widths or recessional velocities, it does affect the line
flux. In order to estimate a reasonable range of values for the
unabsorbed line flux, we used a bootstrapping interpolation
method. We first determined the ratios of horn-height to mid-
profile-height from all of the unabsorbed dual-horned profiles
in our sample. We then designated the lowest and highest ra-
tios (0.16 and 0.52, respectively) as the acceptable range of
flux values for the underlying unabsorbed central trough in
the line profiles of Mrk 6 and NGC 7469. We then linearly
interpolated over the central absorption with 100,000 random
draws between the minimum and maximum allowed trough
height. For each iteration, the total line flux was recorded,
thereby building up a distribution of likely unabsorbed line
flux measurements. The median of the resulting distribution
is reported as the final TL value, and the uncertainties reflect
the 1-σ deviation from the median on either side of the distri-
bution.
While the optical angular extents of all galaxies with HI
detections in our sample are encompassed by the 9.′1 GBT
beam, the total extent of the HI distribution of the closest ob-
jects may not be. We examined resolved HI maps to verify
the angular HI extent of the nearest galaxies in our sample,
whenever such maps were available in the literature.
Mrk 1044: The emission profile for this galaxy contains
several flux peaks between the flanks (see Fig. 2). This caused
the initial BUSYFIT model to fit the flank slopes while con-
verging with a value of 0 for the central trough amplitude. In
order to fit a weak dual-horn signature, we held the trough
amplitude (c) fixed at 0.0001, the trough offset (xp) fixed at
235, and the polynomial degree (n) fixed at 2. For this object,
Mirabel & Wilson (1984) employed the National Radio As-
tronomy Observatory (NRAO) 91 m telescope’s 384 channel
autocorrelation spectrometer with 11 km s−1 channel spacing
and velocity resolution of 22 km s−1. The spectrum reported
by Mirabel & Wilson (1984) contains a noise spike close to
the redshifted side of the HI profile. The inclusion of the noise
spike as part of the HI profile, due to low S/N and low reso-
lution, is the most probable cause for the large discrepancy
between their W20 measurement of 489 km s−1 and ours of
196.2+4.3−10.4 km s
−1 and the slight offset in their VR value of
4932 km s−1 compared to ours of 4910.77+0.69−1.35 km s
−1. Mea-
surements made by König et al. (2009) based on observations
with the Effelsberg 100 m telescope’s 8,192 channel autocor-
relater are consistent with our measurements.
Ark 120: The profile of Ark 120 has a slightly skewed dual-
horn shape (see Fig. 2). Theureau et al. (2005) conducted an
observation using the Nançay 94 m telescope with an 8,192
channel autocorrelation spectrometer, which resulted in an HI
detection with S/N=3.8. The low S/N in the Theureau et al.
(2005) observations would make it difficult to fully character-
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Figure 4. Comparison of the measurements from gmeasure and BUSYFIT: W50 (top left), W20 (top right), VR (bottom left), and TL (bottom right). The solid
line in each panel is a line of unity, and BUSYFIT minus gmeasure is plotted below each panel. Measurements of profiles from GBT13A-468 are shown in
solid, black circles, and measurements from GBT18B-258 are show in open, blue circles. The outlier in the top left plot is NGC 3227 (see Fig. 1, Sec. 2.4), which
exhibits a lopsided profile, resulting in significant uncertainty in the W50 line width measurement due to the uncertainty on the exact value of 50% peak flux.
ize the weaker, blueshifted side of the line profile, and likely
accounts for the discrepancies between their reported mea-
surements and ours. Where they find values of W50=194± 33
km s−1, W20=233 ± 50 km s−1, and VR=9807 ± 17 km s−1,
we report values of W50=337.3+17.0−13.1 km s
−1, W20=344.4+18.4−17.9
km s−1, and VR=9806.38+9.22−4.51 km s
−1. On the other hand, Ho
et al. (2008a) report values of W20=370.3 ± 6.8 km s−1 and
VR=9809.2 ± 3.4 km s−1 that are fairly consistent with our
measurements within the uncertainties.
MCG+08-11-011: Mirabel & Wilson (1984) observed this
target with the NRAO 91 m telescope, which was then re-
processed (Springob et al. 2005) for inclusion in the Extra-
galactic Distance Database (EDD; Tully et al. 2009a). Both
VR measurements (6146 and 6133 km s−1, respectively) and
the reprocessed width measurement (310±15 km s−1) are
consistent with our measurements of VR=6133.26+1.31−1.04 and
W50=310.8+6.7−5.1 km s
−1.
Mrk 374: Mrk 374 has a relatively faint emission line (see
Fig. 2) and we were only able to achieve a S/N of 4.7. The
initial BUSYFIT profile converged into a box-shaped best fit
with a value of 0 for the central trough amplitude. In order
to generate a trough feature while keeping the slopes of the
flanks accurate, we held fixed the initial best fits to the flank
slopes (b1 and b2) at 0.8, 0.5, respectively. We then fixed
the central trough amplitude (c) at 0.01 and polynomial de-
gree (n) at 1.5, which allowed a double horned profile shape
to converge. Mrk 374 was previously observed by Davoust
& Contini (2004) with the 512 channel autocorrelator on the
Nançay telescope. They defined their recessional velocities in
the radio convention (c(λ−λ0)/λ) instead of the optical con-
vention (c(λ−λ0)/λ0), which we have used in this work. The
recessional velocity reported for Mrk 374 by Davoust & Con-
tini (2004) of 12780± 8 km s−1 is equivalent to 13349 km s−1
in the optical convention, as compared to our measurement of
13250.00+0.07−0.06 km s
−1 in the optical. They report a S/N of 6.9
with an integrated flux of 8.54 Jy km s−1, which is equivalent
to 17.08 K km s−1, much higher than our flux of 0.59+0.02−0.01 K
km s−1. Their width measurements also consist of significant
discrepancies relative to ours; they list W50=74±16 km s−1
and W20=121±24 km s−1, as opposed to our reported values
of W50=263.8+0.9−1.0 and W20=276.3
+6.6
−0.9 km s
−1. However, their
spectrum contains a strong Gaussian-shaped signal unlike the
faint dual-horned profile which we report. Davoust & Contini
(2004) discuss that observations at recessional velocities near
∼ 12500 km s−1 (in the radio convention) contained signifi-
cant interference from radar signals, and that galaxies in their
sample near those velocities are possibly unreliable. There-
fore, it is possible that the target was misidentified in their
work.
Mrk 79: Two previous observations of this object with
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the GBT are reported in the HI Digital Catalog of Springob
et al. (2005). Each observation reports a W50 value (169±15,
155±7 km s−1) and a recessional velocity (6657, 6659±5
km s−1), and they are consistent with our measurements of
W50=154.4+9.7−4.5 and VR=6657.41
+4.76
−3.88 km s
−1 within the uncer-
tainties.
NGC 2617: Previous observations include the Nançay tele-
scope (Paturel et al. 2003) and the Parkes telescope including
two measurements from the HI Parkes All Sky Survey Cata-
logue (Meyer et al. 2004; Doyle et al. 2005). The HI data for
NGC 2617 was also reprocessed (Theureau et al. 2006) for in-
clusion in the EDD. All previous reported measurements are
in agreement with our measurements.
Mrk 704: Mrk 704 has a narrow Gaussian emission profile
shape (see Fig. 2). The BUSYFIT central trough, offset, and
polynomial parameters (c, xp, and n) were thus automatically
fixed at 0, and we also held the left flank slope (b1) fixed at
0.15 to allow the profile to converge. The spectrum reported
by Hutchings (1989) from observations with the Arecibo tele-
scope contains a very low S/N emission line blended with a
noise spike on the blueshifted side. The larger W20 value they
report of 250 km s−1 compared to ours of 57.8+12.8−12.9 km s
−1 is
possibly due to the nearby noise spike’s inclusion in the pro-
file measurement. This would also explain the slight offset in
their VR value of 9510 km s−1 compared to our measurement
of 9525.87+1.60−2.55 km s
−1.
NGC 3227: The blueshifted side of the profile of NGC 3227
is significantly weaker in flux than the redshifted side, result-
ing in a dramatically asymmetric shape (see Fig. 1). It is in-
teracting with its neighboring galaxy NGC 3226 (Tonry et al.
2001), which is an elliptical galaxy, and in the resolved HI
study by Mundell et al. (1995), they detected no HI emission
from it. So while the interaction might be a possible explana-
tion as to NGC 3227’s skewed profile shape, NGC 3226 most
likely does not contribute to the emission profile we have de-
tected. The spectral resolution of the previously published
spectra range from 6.6 km s−1 (Dickel & Rood 1978) from
observations which used the 91 m telescope at the NRAO to
30 km s−1 (Biermann et al. 1979) for observations with the
305 m Arecibo telescope. The VR measurement of 1284 ±
9 km s−1 reported by Dickel & Rood (1978) presents the
biggest discrepancy with our VR measurement of 1144.74+4.33−0.82
km s−1. The baseline in their spectrum contains significant
residual fluctuations and possible source confusion; it appears
the S/N in their spectrum is too low for identification of the
blueshifted side of the profile. Our spectral resolution of 3.0
km s−1 is higher than all previous spectra, and our higher
S/N of 13.1 allows for clear identification of the entire pro-
file. Our measurements of W20 and VR are consistent with Ho
et al. (2008a) within the uncertainties. Martin (1998) report
a maximum HI angular diameter of NGC 3227 of 5′ based
on the resolved study by Mundell et al. (1995), therefore the
total 21 cm emission is most likely enclosed by the 9.′1 GBT
beamwidth.
NGC 3516: This is the first HI spectrum for NGC 3516, a
relatively nearby galaxy, due to the extreme faintness of its HI
emission. The total on-source observing time spent on this ob-
ject was longer than any of our other targets by a large margin
(∼ 15.6 hours). The HI profile of NGC 3516 exhibits a Gaus-
sian shape, and as such the BUSYFIT model held the central
trough amplitude, offset, and polynomial degree parameters
(c, xp, and n) fixed at 0. We also held the right flank slope (b2)
fixed at 0.1 to allow the profile fit to converge.
NGC 3783: Previous HI line widths are derived from ob-
servations with the Nançay telescope (Theureau et al. 2006)
and reprocessed for inclusion in the EDD (Tully et al. 2009b).
Our values for W50, W20, and VR are consistent within the
uncertainties.
NGC 4051: Our reported measurements of W50 and W20
are consistent with those of Fisher & Tully (1981), obtained
from the NRAO 91 m telescope and reanalyzed for inclusion
in the EDD. Dickel & Rood (1978), who used the same instru-
ment as Fisher & Tully (1981), defined their profile widths as
the half-width between points at one-quarter peak intensity
corrected for the spectral resolution of the instrument of 6.6
km s−1. Their reported value (doubled to achieve a full width
at quarter intensity) of 268 km s−1 is consistent with our sim-
ilar measurement of W20=264.5+9.5−2.9 km s
−1. All previous VR
measurements are consistent with our measurements. The re-
solved HI study of Liszt & Dickey (1995) reveals the diameter
of the major axis is similar to that of the optical diameter at
5.′2, therefore it is expected that all the HI emission is con-
tained within the 9.′1 GBT beam.
NGC 4151: Our measurements of W50 and W20 are ap-
proximately consistent with the values reported by Tifft &
Cocke (1988). The small discrepancies of ∼ 3 − 10 km s−1
most likely come from the difference in spectral resolution,
channel span, and channel spacing. For relatively flat base-
lines such as that present in our spectrum of NGC 4151, low-
order polynomial fits can possibly introduce low-level sinu-
soidal structure in the baseline. This can affect subsequent
measurements and/or fits to the emission profile, and can thus
result in small discrepancies in reported measurements. The
NRAO 91 m telescope employed by Tifft & Cocke (1988)
produced a spectrum for NGC 4151 with a resolution of 11
km s−1 over 192 channels. As with NGC 4051, Dickel &
Rood (1978) defined their width as the half-width between
points at quarter-intensity corrected for a spectral resolution
of 6.6 km s−1. Their reported value (doubled to match a full
width) of 156 km s−1 is consistent with our measurement of
W20=152.5+8.5−0.7 km s
−1. The previous VR measurements are
consistent with our measurements. In their neutral hydrogen
study of NGC 4151, Pedlar et al. (1992) report the extent of
the spiral arms reach ∼ 6′ from its center, and the reanalysis
of the same study by Martin (1998) from their compiled cata-
log of HI maps report the largest angular extent of the neutral
hydrogen as 10.′4. The 9.′1 beam of the GBT may not fully
enclose the total extent of the HI emission from NGC 4151,
but only a small fraction is likely to have been missed.
Mrk 766: Mrk 766 has a low S/N emission line (5.1;
see Fig. 1) with a very faint dual-horn signature. With all
eight BUSYFIT parameters free, the initial fit was Gaussian in
shape. In order to fit the weak horns, the right flank slope (b2)
was held fixed at 0.45 in addition to the polynomial degree (n)
which was fixed at 2. There are no previous measurements of
the HI emission from this galaxy.
NGC 4593: Observations conducted by Staveley-Smith &
Davies (1987) and König et al. (2009) employed the Jodrell
Bank 76 m MklA radio telescope’s 1024 channel autocorrela-
tion spectrometer with a velocity resolution of 7.3 km s−1 and
the Effelsberg 100 m telescope’s 8,192 channel autocorrela-
tor with a velocity resolution of 4.1 km s−1, respectively. Our
reported resolution is 0.6 km s−1, and our width and velocity
measurements are consistent with theirs. NGC 4593 is also
composed of many morphological components including an
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outer ring and a bar, which is a possible explanation for the
fluctuating HI emission between the horns of its profile.
MCG-06-30-015: The HI measurements in this work are
the first reported for this galaxy. MCG-06-30-015 has one of
the faintest emission lines that was detected (S/N=3.4) in our
sample. To fit the asymmetric dual-horned profile, we held
the central trough amplitude (c) fixed at 0.011, the half-width
(w) fixed at 5, and the polynomial degree (n) fixed at 2.8.
NGC 5548: Within the uncertainties, our measurement of
W50 is consistent with that of Stierwalt et al. (2005) based on
observations with the Arecibo telescope, with a S/N of 4.1
and spectral resolution of 8.5 km s−1. The spectrum reported
by Biermann et al. (1979), also from Arecibo, has a low res-
olution of 30 km s−1, as opposed to our smoothed velocity
resolution of 4.8 km s−1, leading to significant ambiguity in
identification of the edges of their profile and their subsequent
W50 measurement of 110 km s−1, compared to our W50 mea-
surement of 189.1+10.3−3.0 km s
−1. In the spectrum reported by
Mirabel & Wilson (1984) from Arecibo, with a velocity res-
olution of 22 km s−1 and channel spacing of 11 km s−1, the
profile exhibits an extended, low-amplitude blueshifted wing,
possibly leading to the discrepancy in their W20 measure-
ment of 472 km s−1 in comparison to our W20 measurement
of 197.3+11.8−14.0 km s
−1. The same issue is present in the spec-
trum reported by Ho et al. (2008a) (velocity resolution of 5.15
km s−1), leading to disagreement between their W20 measure-
ment of 321.1 ± 6.8 km s−1 and our W20 measurement. After
smoothing our spectrum to match the lower velocity resolu-
tion of 22 km s−1, we arrive at a W20 measurement of 270 km
s−1, closer to the larger values of Mirabel & Wilson (1984)
and Ho et al. (2008a). Our VR value is within the range of
reported values. The deep optical imaging of NGC 5548 by
Tyson et al. (1998) reveals a low surface brightness arm wrap-
ping around the galaxy, an extended tail, and ripples in the in-
ner disk, all of which could contribute to the highly turbulent
HI flux distribution present in our spectrum.
Mrk 478: There are multiple emission peaks near the ex-
pected location of HI emission from Mrk 478 (see Fig. 2),
which is between 22484 − 23700 km s−1 (Richards et al.
2009; de Vaucouleurs et al. 1991) from recessional velocities
measured from optical emission lines. The systemic veloc-
ity of Mrk 478 is not well constrained, and we do not de-
tect emission at or near the low end of its range of optical
velocities. We fit independent Gaussians to the three peaks
present in our spectrum to compare to the systemic veloc-
ities of galaxies in the NASA/IPAC Extragalactic Database
(NED) in a 9.′1 diameter neighbor search (equal to the GBT
L-Band beam size). We measure the following velocities for
each peak (from left to right): 23540±11, 23800±15, and
23980±4 km s−1. The left peak’s velocity is comparable to
the nearby galaxy 2MASX J14415920+3527489 (VR=23554
km s−1; 2.′2 to the NW). Our VR measurement for the center
peak is near the reported velocities of neighboring galaxies
2MASX J14421361+3524459 (VR=23738 km s−1; 2.′3 to the
SW) and 2MASX J14421426+3528139 (VR=23763 km s−1;
2.′3 to the NE). Lastly, within a 9.′1 diameter neighbor search,
there are no objects classified as galaxies near our measured
velocity of the right peak. From the present information, it is
unclear whether Mrk 478 exhibits a dual-horned shape, and
it is also unclear as to which of the peaks represent emission
from Mrk 478. Based on the similarity of the center and right
peak’s shape with that of the measured shapes of low S/N
dual-horned profiles, as seen with other objects in our sam-
ple (SBS1116+583A, Mrk 817, Mrk 290), we have assumed
the center and right peaks belong to the emission profile of
Mrk 478. For analysis with BUSYFIT, we fixed the slope of
the right flank (b2) at 0.26, the half-width parameter (w) at
23, and the polynomial degree (n) at 3 in order to achieve
a characteristic dual-horned fit. Teng et al. (2013) observed
Mrk 478 with the 100 m GBT (identified as PG 1440+356 in
their work), producing a spectrum with a resolution of∼ 6 km
s−1 channel−1 and S/N of 4.81. The large absorption feature
present in their spectrum at ∼ 24000 km s−1 is absent from
ours. Teng et al. (2013) note that the feature has a dramatic
variability over short timescales and is also dependent on po-
larization, and their Figure 6 shows strong continuum fluc-
tuations on month-long periods. They report measurements
of W50=395±26, W20=477±39, and VR=23406±13 km s−1,
which differ significantly from our values of W50=294.5+11.1−10.6,
W20=296.9+13.6−12.3, and VR=23879.90
+5.54
−5.26 km s
−1. It is possi-
ble that they assumed the left peak was part of the HI emis-
sion from Mrk 478, leading to the discrepancy between their
measurements and our measurements. If we include all three
peaks in our measurement, we find a W50 value of 476+12−10 km
s−1, a W20 value of 477+12−12 km s
−1, and a VR value of 23752+6−6
km s−1, closer to those of Teng et al. (2013).
NGC 5940: All previous measurements for NGC 5940
originate from observations with the Arecibo telescope, in-
cluding a reprocessed measurement for inclusion in the EDD.
The measurements conducted by Lewis (1983) contain con-
sistent W50 and VR values with our values, however their W20
value of 240 km s−1 is slightly higher than ours of 204.5+5.9−6.5
km s−1. The lower resolution of their spectrum (∼ 8.2 km s−1
compared to ours of 1.3 km s−1) contributes to some of the
discrepancy between the measurements, because we measure
W20=214 km s−1 when we smooth our spectrum to match their
resolution. However, we expect that the lower S/N in their
spectrum also contributes to the difference in W20. The re-
maining measurements from Mirabel & Wilson (1984), Lewis
(1987), Haynes et al. (2011), Springob et al. (2005), and Pa-
turel et al. (2003) are consistent with our measurements within
the uncertainties.
Mrk 493: The HI profile of Mrk 493 exhibits a strong, nar-
row Gaussian shape (see Fig. 2). As standard for fitting a
Gaussian-shaped profile, the BUSYFIT parameters controlling
the central trough amplitude, offset, and polynomial degree
(c, xp, and n, respectively) were set to 0, and we found that
we also needed to hold the half-width parameter (w) fixed at
10 to allow the profile fit to converge. All previous observa-
tions utilized the 305 m Arecibo telescope. The VR reported
by Haynes & Giovanelli (1984) is consistent with our mea-
surement, and their W50 value agrees with our measurement
at the ∼ 2 σ level. Lewis (1987) also reports a consistent VR
value. They define their W50 measurement of 35.7 km s−1 as
an un-smoothed width, which might account for the discrep-
ancy, yet it is consistent with our W50 of 54.6+6.5−8.4 km s
−1 at the
∼ 2 σ level. Values by Mirabel & Wilson (1984) are consis-
tent with our measurements within the uncertainties.
1H1934-063: Paturel et al. (2003) report an HI line width
of 248.4 ± 16.5 km s−1 from observations with the Nançay
telescope. Their spectrum contains significant baseline fluc-
tuations, causing a discrepancy both between our width mea-
surement and theirs and their VR measurement of 3070 ± 7
km s−1 compared to our value of VR = 3191.42+0.06−0.09 km s
−1.
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NGC 6814: Mirabel & Wilson (1984) observed this object
with the NRAO 91 m telescope and the 192 channel autocor-
relation spectrometer. The low spectral resolution of 22 km
s−1 and channel spacing of 11 km s−1 possibly account for the
slightly larger value of W20 that they report of 134 km s−1
compared to our value of 105.1+11.4−8.4 km s
−1. All other pre-
vious measurements from Shostak (1978), Koribalski et al.
(2004), Springob et al. (2005), Huchtmeier & Richter (1989)
are consistent with our measurements. Liszt & Dickey (1995)
estimate the HI diameter of NGC 6814 to be ∼ 7′ based on
their resolved HI map, thus it is likely that the 9.′1 GBT beam
encompassed the total HI distribution of NGC 6814.
NGC 7469: Our data for NGC 7469 contained large base-
line fluctuations across the whole continuum in a significant
amount of the scans which were not included in the final, ac-
cumulated spectrum. The absorption profile present in the HI
spectrum of NGC 7469 (see Fig. 1) persists throughout the
literature, causing significant uncertainty in the line flux mea-
surements. Richter & Huchtmeier (1982) utilized the Effels-
berg 100 m telescope with spectral resolution of 13.2 km s−1
and channel spacing of 11 km s−1, near insufficient to iden-
tify the emission profile separate from the noise level. Ob-
servations with the Arecibo telescope (e.g., Mirabel & Wil-
son 1984; Biermann et al. 1979; Ho et al. 2008a) all show
self-absorption which is commented on in their analyses.
Biermann et al. (1979), Richter & Huchtmeier (1982), and
Mirabel & Wilson (1984) also comment on the galaxy com-
panion IC 5283. NED lists the radial velocity of IC 5283 as
4804 km s−1, very near the velocity of the blueshifted flank
of NGC 7469, with an angular separation of only 1.′3 (well
within the GBT L-Band beam). Thus it is likely that most pre-
vious studies have the emission from this companion galaxy
blended with that of NGC 7469. When comparing our spec-
trum to those of Mirabel & Wilson (1984), Mirabel & Sanders
(1988), and Ho et al. (2008a), we note that their higher S/N
spectra show an emission bump on the blueshifted wing of
the profile, while our spectrum does not. It is likely that this
feature is lost in the noise since we had to reject a large num-
ber of scans for this object. Consequently, we find a signifi-
cantly different width for NGC 7469 than these previous stud-
ies. Reported W50 measurements are as follows: 570 km s−1
(Biermann et al. 1979) and 515 km s−1 (Richter & Huchtmeier
1982); previous W20 measurements consist of: 525.1±6.8 km
s−1 (Ho et al. 2008a), 583 km s−1 (Richter & Huchtmeier
1982), and 395 km s−1 (Mirabel & Wilson 1984) We report
measurements of W50 = 192.6+9.8−13.9 and W20 = 196.2
+12.7
−16.1 km
s−1. The previous VR measurements are consistent with our
values within the uncertainties.
The literature on radial velocities and redshifts for the re-
maining objects in the sample consist of measurement meth-
ods that do not rely on 21 cm spectroscopy. For example,
MCG-06-30-015 has a previous radial velocity measurement
of 2323 ± 15 km s−1 from the redshifting of infrared emis-
sion lines (Fisher et al. 1995). Based on the 21 cm emission,
we report a measurement of VR = 2353.53+4.15−3.56 km s
−1. Mrk
279 has measurements of VR ranging from low estimates of
8904 ± 60 km s−1 from the redshift of the strongest optical
emission lines (e.g., Hα, [O III]; Osterbrock & Pogge 1987),
to high estimates of 9600 km s−1 from the redshift of the Hα
emission line (Arakelian et al. 1971). Our measurement of
VR = 9211.71+8.29−6.49 km s
−1 is contained within the wide range
of previous values. Similarly, Mrk 817 has a range of VR
measurements from 9275 km s−1 (Fouque et al. 1992) to 9430
± 35 km s−1 (IRAS redshift survey; Strauss & Huchra 1988).
Our measurement of VR = 9420.14+4.08−3.91 km s
−1 is in agreement
with the higher end of these measurements. Table 5 lists the
redshifts we have derived from our HI observations alongside
previously published redshifts from a variety of observations
and analysis methods.
3. DISTANCES AND MASSES
With the detection of HI 21 cm emission from 31 AGN host
galaxies, we can explore the gas properties of these galax-
ies compared to their stellar and central black hole proper-
ties. We also augmented our sample by including the dwarf
Seyfert NGC 4395, as it should provide an interesting com-
parison as the lowest-mass AGN with a direct black hole
mass constraint, hosted by a bulgeless low surface brightness
galaxy. We describe here our adopted measurements and de-
rived quantities for the baryonic properties of the galaxies.
3.1. Distances
Only five of the galaxies that we detected have distance
measurements independent of their redshifts. The sources of
the distances to NGC 3227, NGC 3783, NGC 4051, NGC
4151, and NGC 4593 are summarized in Bentz et al. (2013),
but in brief, the measurements are generally the average of
distances to galaxies within the same group, and were re-
trieved from the EDD. The exception is NGC 3227, which
has an adopted distance that is the same as NGC 3226, with
which it is interacting and which has a distance from the sur-
face brightness fluctuation method (Tonry et al. 2001). These
five galaxy distances have been recalibrated with a Hubble
constant of H0=72 km s−1 Mpc−1 for consistency with the
Hubble Space Telescope (HST) Key Project (Freedman et al.
2001). Additionally, NGC 4395 has a distance from Cepheid
variables (Thim et al. 2004) of 4.1 ± 0.4 Mpc.
Many of the galaxies in our sample were included in Bentz
et al. (2013) and Bentz & Manne-Nicholas (2018). For those
objects, we adopt the luminosity distances (DL) reported in
those works, which are derived from the redshifts of each
galaxy. Uncertainties of 500 km s−1 were adopted due to the
typical range of peculiar velocities reported by Tully et al.
(2008).
For Mrk 1044, MCG+08-11-011, Mrk 374, NGC 2617,
Mrk 704, Mrk 478, NGC 5940, Mrk 493, and 1H1934-063,
we use our redshift measurement from the HI emission line
to estimate DL. For consistency with the other objects in our
sample, we adopt an uncertainty of 500 km s−1 to account for
peculiar velocities that may affect the distance derived from
the redshift. Adopted distances are listed in Table 6.
3.2. HI and Total Gas Mass
The integrated flux of the HI emission line allows the
atomic gas mass to be estimated because the intensity from
the spin-flip radiation of optically thin sources is related to
the number of HI atoms in a 1 cm2 cross-section column. The
measured flux is thus directly related to the total number of
HI atoms in the beam, and the mass is given by
MHI
M
= [1.2×105D2]
n∑
i=1
TL(i)∆v (2)
(Roberts 1962), where D is the distance in Mpc (see Table 6),
the summation is over channels spanning the HI emission-line
profile, and ∆v is the channel width in km s−1.
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The HI mass of a galaxy is then related to total gas mass as
MGAS = 1.4MHI (3)
(Cox 2000). The scale factor of 1.4 accounts for the amount
of atomic helium gas in the galaxy assuming solar abundance.
As stated previously, H2 is the next most prevalent gas phase
in disk galaxies. However, McGaugh (2012) revisited several
molecular gas content estimation techniques (e.g., Young &
Knezek 1989), and concluded that there is no compelling evi-
dence for significant sources of baryonic matter in disk galax-
ies other than what can be directly detected through obser-
vations, and that the molecular gas contribution (in gas-rich
spirals) is usually smaller than the uncertainty in the MHI cal-
culation. The uncertainties on the gas masses are primarily set
by the uncertainties on the galaxy distances, but a small con-
tribution also comes from the uncertainty on the integrated HI
line flux. The MGAS data used in McGaugh (2012) included
uncertainties between 0.05 - 0.41 dex, consistent with what
we find. Therefore, we assume that HI and helium accounts
for approximately all significant gas mass contributions, with
other phases and molecular gas providing a negligible contri-
bution.
We derived MGAS for NGC 4395 using the HI flux avail-
able in the All Digital HI Catalog (Springob et al. 2005) with
Equations 2 and 3. The 140-foot Green Bank telescope was
used to observe NGC 4395 and produce the subsequent HI
flux we have used here. The beam size of the 140-foot is 21′,
large enough to encompass the angular extent of NGC 4395,
therefore allowing use of Equation 2.
3.3. Stellar and Baryonic Mass
In order to derive baryonic masses, we adopt the stellar
masses determined by Bentz & Manne-Nicholas (2018) for
the majority of our targets. In that study, images in the V and
H passbands from HST and the WIYN High-Resolution In-
frared Camera, respectively, were modeled with GALFIT to
separate the two-dimensional surface brightness components
of the galaxy from the background sky and the AGN point
source. V −H colors were derived from the fits to the galaxies
and were used with the Bell & de Jong (2001) prescriptions to
estimate the stellar mass-to-light (M/L) ratios, and therefore
the stellar masses, of the galaxies. We adopt the stellar masses
based on the Bell & de Jong (2001) prescriptions for the 22
galaxies in common between this work and that of Bentz &
Manne-Nicholas (2018), and list them in Table 6.
For those objects in our sample that were not included in the
Bentz & Manne-Nicholas (2018) study, we estimated the stel-
lar masses based on in-hand data, magnitudes and colors taken
from the literature, or a combination of the two. The stellar
mass for NGC 5548 was determined from in-hand HST V -
band and Apache Point Observatory4 H-band images in the
same manner as the Bentz & Manne-Nicholas (2018) sam-
ple. For MCG-06-30-015 and 1H1934-063, we estimated the
stellar masses using the same method and prescription from
Bell & de Jong (2001) with our in-hand HST V -band images
combined with ground-based K-band images from the VISTA
Hemisphere Survey5 (VHS; McMahon et al. 2013).
The stellar masses for Mrk 704, NGC 5940, and Mrk
290 were estimated using the disk B −V colors reported by
4 Based in part on observations obtained with the Apache Point Obser-
vatory 3.5 m telescope, which is owned and operated by the Astrophysical
Research Consortium.
5 Based on observations obtained as part of the VISTA Hemisphere Survey,
ESO Progam, 179.A-2010 (PI: McMahon.)
Figure 5. Comparison between MGAS and MSTARS . There is a slight pref-
erence for gas mass to trace stellar mass, but the range of stellar masses is
relatively small and the scatter is quite large.
Granato et al. (1993). The disk colors will not be affected by
the central AGN; however, they will also be missing much of
the color contributed by the bulge, which influences the to-
tal color and therefore the M/L ratio. Due to this limitation,
we adopt an uncertainty of 0.28 mag on the colors. We then
combined these colors with in-hand HST V -band magnitudes
to estimate the stellar M/L ratios and thus stellar masses. We
adopted a typical uncertainty of 0.2 mag for the HST V -band
magnitudes, consistent with Bentz & Manne-Nicholas (2018).
The stellar masses for Mrk 1044, MCG-08-11-011, Mrk
374, NGC 2617, Mrk 478, and Mrk 493 were derived by first
estimating the mean galaxy color based on their morpholog-
ical types (Buta et al. 1994, Table 6). For MCG-08-11-011,
Mrk 374, NGC 2617, and Mrk 478, we then combined the
estimated color with in-hand HST V -band magnitudes to es-
timate the stellar M/L ratio using the Bell & de Jong (2001)
prescriptions, and thus constrain the total stellar mass. In the
cases of Mrk 1044 and Mrk 493, where we did not have V -
band HST imaging in hand, we utilized the surface brightness
decompositions of Wang et al. (2014) to determine the frac-
tion of the AGN luminosity to the total galaxy luminosity. We
then corrected the total V -band magnitudes of these galax-
ies reported by MacKenty (1990) for the estimated contribu-
tions of the central AGNs. Combined with the galaxy color
estimated from the morphological type, we were able to esti-
mate the stellar M/L and thus the total stellar mass. For the
HST V -band magnitudes, we adopted a typical uncertainty of
0.2 mag. For the mean galaxy colors and magnitudes from
MacKenty (1990), we conservatively adopted uncertainties of
0.35 mag and 0.25 mag, respectively.
We derived the stellar mass for NGC 4395 using the inte-
grated B-band magnitude and B −V color from Prugniel &
Heraudeau (1998), and the stellar M/L ratio from Bell & de
Jong (2001). The contamination from the AGN hosted by
NGC 4395 is negligible, yet we conservatively adopt uncer-
tainties of 0.28 mag for the color and 0.2 mag for the magni-
tude.
Finally, baryonic masses were calculated simply as
MBARY = MSTARS +MGAS (4)
and are reported in Table 6.
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Figure 6. Gas fraction as a function of galaxy morphological type. Mor-
phologies are either those listed in NED or from the derived B/T ratios,
which were the results of the surface brightness fits carried out by Bentz et al.
(2009), Bentz et al. (2013), Bentz et al. (2016), and Bentz & Manne-Nicholas
(2018) (see Sec. 4.1, Table 6). Morphologies based on B/T values were as-
signed according to the mean of the distributions in Figure 6 of Kent (1985).
The black circles are unbarred spirals, the green squares are barred spirals.
3.4. Black Hole Mass
The parent sample for the galaxies in this study is the re-
verberation sample of AGNs with direct black hole mass con-
straints. Reverberation mapping (Blandford & McKee 1982;
Peterson 1993) is a light-echo technique in which the radius
of the spatially-unresolved broad line region (RBLR) is mea-
sured. The BLR of an AGN is composed of optically thick gas
moving at large Doppler velocities deep in the potential well
of the black hole. The BLR gas is photoionized by the contin-
uum emission source (likely the accretion disk) and gives rise
to the characteristic broad emission lines seen in the spectra
of Type 1 AGNs. Variations in the continuum flux drive varia-
tions in the broad emission line flux, but delayed in time from
the observer’s point of view due to the extra path length most
of the BLR light must travel to the observer. This time lag
value provides a direct measure of the BLR size. Combining
RBLR and the Doppler-broadened emission line width through
the virial theorem yields a constraint on the total mass en-
closed within the BLR, the vast majority of which is the mass
of the SMBH.
The black hole masses adopted here are from the AGN
Black Hole Mass Database (Bentz & Katz 2015), which is
a compilation of reverberation-based MBH values. Thus, the
masses are calculated as
MBH = f
cτV 2
G
(5)
where cτ is the time delay for a broad emission line, V is the
width of the line, and G is the gravitational constant. The f
term is an order-unity scaling factor which accounts for the
unknown kinematics and geometry of the BLR gas in AGNs.
It is generally derived by assuming that the AGN black hole
mass - stellar velocity dispersion relationship (MBH −σSTARS;
Ferrarese & Merritt 2000; Gebhardt et al. 2000) is the same as
that of nearby galaxies with black hole masses from dynam-
ical modeling. We adopt 〈 f 〉 = 4.3 which was determined by
Grier et al. (2013).
A few of the AGNs in our sample are included in the in-
progress updates to the AGN Black Hole Mass Database, and
thus require a little more explanation. For MCG+08-11-011,
Mrk 374, and NGC 2617, we employed the virial MBH from
Fausnaugh et al. (2017), but scaled to match our adopted 〈 f 〉
value. Similarly, we employed the virial MBH for Mrk 704
from De Rosa et al. (2018) and rescaled it with our adopted
〈 f 〉 value. For Mrk 1044 and Mrk 493, we utilized the Hβ
time delay (τHβ) measurement from Hu et al. (2015) and
the width of the Hβ emission line in the variable, root mean
square (rms) spectrum (σline) from Du et al. (2016) together
with our adopted 〈 f 〉 value to calculate MBH. For NGC 5940
we utilized the σline value from Barth et al. (2015) and the τHβ
value from Barth et al. (2013) to determine a black hole mass.
We have adopted a preliminary black hole mass for Mrk
478 based on early analysis of in-hand reverberation-mapping
data (de Rosa, private communication). The black hole
mass for 1H1934-063 is based on current work on in-hand
reverberation-mapping data from Bentz et al. (2019, in prep).
4. DISCUSSION
In the past two decades there has been a surge of studies
focusing on scaling relationships between host galaxy and
SMBH characteristics, and these relationships seem to sug-
gest galaxy − black hole coevolution. Such empirical scal-
ing relations include the relationship between MBH and the
luminosity of the bulge (MBH − LBULGE; Kormendy & Rich-
stone 1995), the MBH − stellar velocity dispersion relation
(Ferrarese & Merritt 2000; Gebhardt et al. 2000), and the
most recent calibration of the MBH − MSTARS relation found
by Bentz & Manne-Nicholas (2018). Many of these scaling
relationships are used as inputs or constraints to cosmolog-
ical galaxy simulations in an attempt to further understand
the details of the symbiotic relationship between galaxies and
black holes (e.g., Steinborn et al. 2015; Volonteri et al. 2016;
Mutlu-Pakdil et al. 2018). Here, we explore potential scaling
relationships that include MGAS.
Linear regressions were carried out using the Bayesian
method-based algorithm LINMIX_ERR (Kelly 2007), which
accounts for measurement uncertainties in both variables and
includes an element of random scatter. We report the median
and 1-σ deviations of large, random samples from the pos-
terior probability distribution as the measurement and uncer-
tainty for the slope, intercept, and scatter of each relationship.
4.1. Gas Mass - Stellar Mass Relationship
We first explored the relationship between MGAS and
MSTARS in our sample. We might expect to see smaller
amounts of gas in galaxies with higher stellar mass if the gas
content of these galaxies is not replenished as quickly as it is
used up for star formation.
Fig. 5 displays MSTARS vs. MGAS. There is a slight ten-
dency for lower stellar mass to correspond to lower gas
mass. The range of stellar and gas masses covered by
our sample is fairly small, however, given that most of the
points are clumped together at 9< log (MGAS/M)< 10 and
10< log (MSTARS/M)< 11, and the scatter is quite large.
We next examined whether the fraction of gas-to-stellar
content in the galaxies, MGAS/MSTARS, might serve as an in-
dicator of morphological type. One might expect the gas con-
tent to change as a function of morphology, with lower MGAS
for early-type spirals, and higher values for later-types.
To explore this, we adopted galaxy morphologies from
NED for those galaxies where previous ground-based data
provided sufficient angular resolution to determine the mor-
phology (most of the NGC objects, for example). For the
HI SPECTROSCOPY OF RM AGN 13
Figure 7. MGAS/MSTARS as a function of MSTARS (left) and MBH (right). The trend in the left plot shows decreasing mass fraction with increasing values of
MSTARS . The black dotted line is our best fit with a scatter of (0.41± 0.24) dex. NGC 4395 is not included in the fit. The green dash line is the best-fit line found
by Stewart et al. (2009) which characterizes the gas mass fraction of data from McGaugh (2005). The sample used by Stewart et al. (2009) is biased towards
gas-rich spirals, while our sample is stellar-rich, which is a possible explanation to the data lying beneath the line. The blue dot-dash line shows a "closed box"
relation that demonstrates direct conversion from MGAS to MSTARS . The red dot-dot-dot-dash line shows a constant MGAS relation, where MGAS remains fixed
at the approximate average value of our sample at MGAS ∼ 109.5 M while MSTARS varies. On the right plot, there is no evidence of a trend for MGAS/MSTARS
as a function of MBH .
more distant and compact galaxies, we determined the mor-
phological type based on the bulge-to-total (B/T) luminos-
ity ratio as follows. For most of the objects, the surface
brightness decompositions of Bentz et al. (2009), Bentz et al.
(2013), Bentz et al. (2016), and Bentz & Manne-Nicholas
(2018) were used to calculate B/T values, and these were
compared to the distributions of B/T relative to galaxy mor-
phology presented by Kent (1985) in their Figure 6. We then
adopted the morphology associated with the mean B/T value
that most closely matched the B/T measured for each galaxy.
For MCG+08-11-011 Mrk 374, NGC 2617, Mrk 704, Mrk
478, NGC 5940, and 1H1934-063, we calculated the B/T ra-
tios from surface brightness decompositions of in-hand HST
V -band images. Finally, for Mrk 1044 and Mrk 493, we
used the surface brightness decompositions from Wang et al.
(2014) in order to derive the B/T ratios.
Fig. 6 shows the gas-to-stellar fraction as a function of mor-
phology. The black circles in Fig. 6 denote unbarred spirals,
and the green squares denote barred spirals. The gas-to-stellar
fraction appears to be approximately constant as a function of
morphology for the barred spirals, albeit with a large scat-
ter and with a lower typical MGAS/MSTARS for SB0 galaxies.
However the unbarred spirals show a slight preference for a
higher gas fraction at later types, especially when the unbarred
Sm galaxy NGC 4395 is included.
In addition, we explored the gas-to-stellar fraction as a
function of MSTARS. If the gas reservoir of the galaxy is never
refueled by accretion onto the disk, we might expect to see ev-
idence of decreasing gas for galaxies of higher stellar content.
However, there would be little evidence of this trend if accre-
tion is ongoing and the reservoir is steadily refueled. In the
left panel of Fig. 7 we plot the fraction MGAS/MSTARS versus
MSTARS and compare to several simple scenarios. The black
dotted line shows the best formal fit to the data points and has
the form
log
MGAS
MSTARS
= (−1.48±1.44)log
(
MSTARS
1011M
)
−(1.46±0.14)
(6)
with a scatter of (0.41± 0.24) dex. NGC 4395 is not included
in our formal fit. The blue dot-dash line represents a "closed-
box" relation, where there is a one-to-one correlation between
the decrease in MGAS and increase in MSTARS, therefore no
cold gas accretion. The slope is slightly steeper than the trend
of the data, suggesting that some refueling must be occurring
on average for the galaxies in our sample. The red dot-dot-
dot-dash line represents a constant MGAS relation, where gas
is assumed to be replenished at the rate that it is used up for
star formation. The slope of this relationship is shallower than
our formal fit (which has large uncertainties), suggesting that
the average galaxy in this sample is replenishing its gas reser-
voir, but at a rate that is slower than the gas is being used up.
If NGC 4395 is included in the fit, we find a shallower slope
of (− 0.77 ± 0.42), much closer to that of the constant MGAS
relation.
McGaugh (2005) compiled a sample of galaxies with ex-
tended 21 cm rotation curves and derived gas and stellar
masses for an in-depth baryonic Tully-Fisher relation study.
Stewart et al. (2009), in their simulation of the baryonic con-
tent of galaxy mergers, assigned gas to the simulated galaxies
by quantifying the relation between MGAS/MSTARS as a func-
tion of MSTARS using the results from McGaugh (2005). Their
MGAS/MSTARS as a function of MSTARS at z = 0 is represented
by the green dashed line in Fig. 7. The sample from Mc-
Gaugh (2005) used by Stewart et al. (2009) is biased towards
gas-rich galaxies, which explains why their relationship ap-
pears to serve as an upper limit to our sample of galaxies. The
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Figure 8. MBH as a function of MGAS (left) and MBARY (right). For the data in the left plot, the formal fit for the MGAS-MBH relation includes a scatter of (0.32
± 0.09) dex. On the right, the MBARY-MBH relation seems to exhibit a stronger correlation with less scatter. The red cross in the right panel is a derived baryonic
mass for NGC 4395. NGC 4395 is not inluded in the fit to the black points, nevertheless it seems to follow the same relationship demonstrated by more massive
galaxies.
general trend of decreasing gas fraction as MSTARS increases,
however, is consistent between their sample and ours.
A recent study by Calette et al. (2018) included a large sam-
ple of early and late-type galaxies from the literature, attempt-
ing to homogenize their sample as much as possible, checking
against potential biases in the process (i.e., selection effects,
upper limits, distances which correct for peculiar motions).
They found an overall decrease in MGAS/MSTARS as a function
of MSTARS similar to Stewart et al. (2009). However, their av-
erage slope from the single- and double-power law best fits is
much shallower than ours and the sample of McGaugh (2005).
Bradford et al. (2015) conducted a study of the baryonic con-
tent of galaxies selected from the Sloan Digital Sky Survey
DR8 using isolated HI galaxy detections from the 40% AL-
FALFA survey (Haynes et al. 2011), which is a publicly avail-
able blind, drift-scan HI survey from the Arecibo Observatory.
They also find a decreasing atomic-gas-to-stellar fraction as a
function of stellar mass, with a break into a steeper slope at
MSTARS ≈ 109 M. The slope of the relationship they find
after the break is very similar to our best-fit slope.
In addition, we have also explored MGAS/MSTARS relative to
MBH, as shown in the right-hand panel of Fig. 7. We might ex-
pect MSTARS and MBH to increase together, since the gas reser-
voir is used to create stars and fuel the growth of the SMBH.
However, we find no evidence for a trend with this sample
of AGNs. Instead, our sample demonstrates a relatively con-
stant value of MGAS/MSTARS as a function of MBH, albeit with
a large scatter. A formal fit finds a slope of (− 0.02 ± 0.38),
which is consistent with zero.
4.2. Gas Mass - Black Hole Mass Relationship
There have been many previous attempts to explore the con-
nection between gas in galaxies and the central supermassive
black hole. The vast majority of these studies have focused
on AGN characteristics, such as luminosity or accretion rate,
instead of the black hole mass itself. Such studies have in-
cluded, for example, exploring correlations between Seyfert
nucleus luminosity and HI emission peculiarities (Heckman
et al. 1978), the link between the cold gas reservoir and AGN
accretion (van Gorkom et al. 1989; Peck & Taylor 1998), and
the connection between MHI/MSTARS and black hole accretion
rate (Fabello et al. 2011). The literature is inconclusive on
these themes with other studies finding no evidence of mass
transfer from the outer galactic regions to the central AGN
when comparing gas content to near-infrared nuclear activity
(Bieging & Biermann 1983) and finding no discernable con-
nection between global gas content and AGN presence (Ho
et al. 2008b). However, even with the myriad of studies that
do exist, it appears that no one has yet examined the relation-
ship between gas mass and black hole mass.
The stellar content of galaxies seems to correlate with the
black hole mass, for example the MBH − LBULGE (Kormendy
& Richstone 1995), MBH − σSTARS (Ferrarese & Merritt 2000),
and MBH − MSTARS (Bentz & Manne-Nicholas 2018) relations.
Here we explore whether the gas content also demonstrates a
relation to MBH.
We plot the reverberation-based black hole masses vs. the
gas masses in Fig. 8. There is a weak correlation, with a slight
preference for more massive black holes to live in galaxies
with larger gas reservoirs, but there is also a large scatter. A
formal fit between MGAS vs MBH finds:
log
MBH
M
= (0.36±0.10)log
(
MGAS
109M
)
+ (6.87±0.03) (7)
with a scatter of (0.32± 0.09) dex. We also examined whether
morphological type played a role in where objects fell in Fig.
8, but found no obvious trend.
4.3. Baryonic Mass - Black Hole Mass Relationship
Bentz & Manne-Nicholas (2018) recently calibrated the
scaling relationship of MBH to MSTARS for the AGN hosts in
the reverberation sample. Their best fit based on the M/L
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ratio predictions of Bell & de Jong (2001) has a slope of
(1.69±0.46) and an intercept of (8.05±0.18), with a scatter of
(0.38±0.13) dex. In the right panel of Fig. 8, we show the re-
lationship between MBH and total baryonic masses for galax-
ies in our sample, many of which were included in the study
by Bentz & Manne-Nicholas (2018). The best fit is given by:
log
MBH
M
= (1.35±0.18)log
(
MBARY
1011M
)
+ (7.51±0.04) (8)
with a scatter of (0.09 ± 0.07) dex. The fits to both MBH −
MBARY and MBH − MSTARS are normalized at 1011 M, al-
lowing for easier comparison. The stellar content accounts
for the majority of the baryonic mass in these galaxies, so the
slopes of the two relationships are formally indistinguishable.
The typical fraction of MGAS/MSTARS is about 10% for these
galaxies, but reaches as high as 52% for Mrk 1044 and 134%
for NGC 4395. The slight increase in baryonic mass over stel-
lar mass accounts for the 0.5 dex shift in the intercept between
the two relationships.
Interestingly, even though NGC 4395 has a significantly
larger MGAS/MSTARS than any of the other galaxies in our sam-
ple, it appears to follow the same relationship between black
hole mass and baryonic mass as the other galaxies in our sam-
ple. NGC 4395 is not included in our fit to the rest of the data,
but if we include it, we find a very similar slope of (1.34 ±
0.09). This initial study suggests that the SMBHs of AGNs
are not only correlated to their stellar content, but the total
baryonic mass.
5. SUMMARY
We present results from HI spectroscopy of 44 AGNs with
reverberation-mapped black hole masses. We detect HI 21 cm
emission in 31 of them, 12 of which are the first reported
21 cm detections. Measurements of the integrated HI fluxes,
W50, W20, and VR values are determined with two indepen-
dent methods and are found to be generally consistent. From
the HI fluxes, we determine MGAS for each galaxy. Using the
stellar masses provided by Bentz & Manne-Nicholas (2018)
as well as derived MSTARS values from in-hand data and the lit-
erature, we also produce total MBARY values for the galaxies
in our sample.
We have explored a number of relationships involving
MGAS. We find no evidence for a correlation between
MSTARS and MGAS. We find a weak correlation between MBH
and MGAS, albeit with a large scatter, and with no obvious
trends based on morphological type. We find that the typi-
cal MGAS/MSTARS value for our sample is ∼ 10%. For un-
barred spirals, there is a slight preference for later morpho-
logical types to have larger MGAS/MSTARS. For barred spirals,
on the other hand, the gas fraction appears to be mostly con-
stant as a function of morphology except for SB0 galaxies,
where MGAS/MSTARS is decidedly lower.
We find evidence of a trend of decreasing MGAS/MSTARS
as a function of MSTARS, consistent with findings by other
groups, yet we detect no trend with MGAS/MSTARS as a func-
tion of MBH. Finally, we find a significant correlation be-
tween MBH vs MBARY, with similar slope to the recali-
brated MBH − MSTARS relation by Bentz & Manne-Nicholas
(2018). The dwarf Seyfert NGC 4395 (which hosts the low-
est reverberation-mapped black hole mass) is significantly
more gas dominated than the other galaxies in our study, with
MGAS/MSTARS = 134%, but it appears to follow the same trend
in MBH vs MBARY defined by the other galaxies in our sample.
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Table 1
Target Observations
Target RA Dec z Session Scans Date UT LST Hour Backend
(hh mm ss.s) (dd mm ss) Number (yyyy-mm-dd) (hh mm ss) (hh:mm:ss) Angle
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
Mrk 1501 00 10 31.0 +10 58 30 0.08934 2 6-52 2013-02-05 22 57 55.0 02 43 24.8 2.90 G
4 6-162 2013-02-08 21 14 15.0 02 11 00.5 1.01 G
9 6-23 2013-02-15 18 06 40.0 22 30 56.7 -1.64 G
54 6-43 2013-06-30 09 07 41.0 22 22 31.8 -1.74 G
55 6-33 2013-07-01 09 52 59.0 23 11 57.8 -0.92 G
62 6-19 2013-08-10 05 53 18.0 21 49 25.4 -2.31 G
64 6-22 2013-08-12 05 16 04.0 21 19 57.3 -2.83 G
Mrk 1044 02 30 05.5 -08 59 53 0.01645 38 6-132 2018-09-06 09 06 28.5 02 48 47.0 0.31 V
44 6-139 2018-09-16 06 59 59.5 01 21 22.7 -1.15 V
3C120 04 33 11.1 +05 21 16 0.03301 20 7-106 2013-03-13 01 37 35.0 06 45 10.8 2.21 G
23 6-90 2013-03-27 23 10 33.0 06 13 09.1 1.67 G
27 1-52 2013-04-03 21 28 57.0 04 58 58.4 0.44 G
59 6-25 2013-07-27 18 18 09.0 09 21 04.7 4.83 G
65 6-20 2013-08-30 17 19 56.0 10 36 46.1 -8.01 G
69 6-96 2013-09-03 11 16 53.0 04 48 00.1 0.26 G
Ark 120 05 16 11.4 -00 08 66 0.03271 45 146-277 2018-09-16 12 38 53.5 07 01 12.4 1.75 V
52 6-135 2018-10-16 09 20 48.5 05 40 51.4 0.41 V
MCG+08-11-011 05 54 53.6 +46 26 22 0.02048 46 6-135 2018-09-20 08 15 37.5 02 52 59.3 -3.03 V
53 6-129 2018-10-17 09 19 05.5 05 43 04.7 -0.20 V
Mrk 6 06 52 12.2 +74 25 37 0.01881 6 6-105 2013-02-26 02 26 11.0 07 34 35.3 1.88 G
10 6-91 2013-02-21 04 36 55.0 09 22 25.2 2.52 G
12 6-48 2013-02-26 23 09 41.0 04 18 05.3 -2.53 G
Mrk 374 06 59 38.1 +54 11 48 0.04263 32 6-137 2018-09-01 09 22 29.5 02 45 07.8 -4.24 V
35 6-84 2018-09-04 16 52 10.5 10 27 52.4 3.47 V
36 6-50 2018-09-05 11 05 51.5 04 44 33.0 -2.25 V
Mrk 79 07 42 32.8 +49 48 35 0.02219 3 32-53 2013-02-07 06 33 43.0 10 24 32.6 2.72 G
NGC 2617 08 35 38.8 -04 05 18 0.01421 51 6-133 2018-10-15 12 23 45.5 08 40 21.9 0.08 V
55 6-135 2018-10-25 13 22 04.5 10 18 16.0 1.71 V
Mrk 704 09 18 26.0 +16 18 19 0.02923 37 56-181 2018-09-05 14 47 00.5 08 26 18.3 -0.87 V
49 6-135 2018-10-14 12 13 26.5 08 26 04.6 -0.87 V
68 8-135 2019-01-02 05 18 08.5 06 45 02.8 -2.56 V
71 6-59 2019-01-08 08 51 54.5 10 43 03.3 1.27 V
Mrk 110 09 25 12.9 +52 17 11 0.03529 31 142-275 2018-08-31 11 17 01.5 04 36 02.1 -4.82 V
33 143-270 2018-09-01 14 42 26.5 08 05 57.4 -1.32 V
NGC 3227 10 23 30.6 +19 51 54 0.00386 8 6-13 2013-02-15 05 56 56.0 10 19 14.6 -0.05 G
Mrk 142 10 25 31.3 +51 40 36 0.04494 5 6-147 2013-02-09 04 00 06.0 11 55 48.0 0.27 G
11 6-91 2013-02-23 06 16 32.0 11 10 10.6 0.83 G
NGC 3516 11 06 47.5 +72 34 07 0.00884 3 22-31 2013-02-07 05 53 49.0 09 44 34.4 -1.35 G
53 6-76 2013-06-24 02 08 21.0 14 58 25.5 3.87 G
41 6-137 2018-09-09 02 36 23.5 20 29 27.6 9.38 V
43 142-274 2018-09-11 02 48 40.5 20 49 39.7 9.71 V
61 6-119 2018-12-21 02 15 07.5 02 54 13.1 -8.65 V
62 6-75 2018-12-21 07 35 51.5 08 15 49.7 -3.29 V
63 6-161 2018-12-22 00 07 18.5 00 49 59.6 -10.28 V
64 6-81 2018-12-22 21 28 52.5 22 15 04.2 11.14 V
65-66 6-138 2019-01-01 01 19 46.5 02 42 05.1 -8.86 V
69 6-99 2019-01-03 23 34 38.5 01 08 29.5 -10.42 V
70 6-73 2019-01-05 22 07 14.5 23 48 44.3 -11.30 V
72 7-32 2019-01-08 10 41 31.5 12 32 58.3 0.99 V
SBS 1116+583A 11 18 57.7 +58 03 24 0.02787 29 6-84 2013-04-05 01 46 15.0 08 24 36.5 -2.91 G
36 6-93 2013-05-06 22 28 41.0 08 08 51.4 -3.15 G
39 6-69 2013-05-09 21 26 51.0 07 18 47.8 -3.74 G
Arp 151 11 25 36.2 +54 22 57 0.02109 31 66-243 2013-04-30 04 02 57.0 13 16 01.1 1.85 G
NGC 3783 11 39 01.7 -37 44 19 0.00973 50 6-76 2013-06-01 01 07 14.0 11 30 14.5 -1.47 G
UGC 06728 11 45 16.0 +79 40 53 0.00652 29 6-284 2018-08-16 09 54 44.5 02 14 23.3 -9.52 V
Mrk 1310 12 01 14.3 -03 40 41 0.01956 59 26-98 2013-07-27 20 50 37.0 11 53 52.0 -1.48 G
60 36-96 2013-07-29 01 40 05.0 16 39 50.4 3.04 G
NGC 4051 12 03 09.6 +44 31 53 0.00234 3 6-13 2013-02-07 05 18 08.0 09 18 48.4 -2.98 G
46 36-119 2013-05-23 00 15 46.0 10 59 19.0 -2.72 G
47 6-95 2013-05-25 23 36 13.0 10 31 28.2 -3.29 G
49 2270-2352 2013-05-27 23 52 16.0 10 55 28.1 -2.78 G
NGC 4151 12 10 32.6 +39 24 19 0.00332 3 14-21 2013-02-07 05 33 14.0 09 23 57.6 -2.78 G
NGC 4253 12 18 26.5 +29 48 46 0.01293 45 6-241 2013-05-22 01 52 39.0 12 32 47.8 0.24 G
49 2240-2269 2013-05-27 21 36 54.0 08 40 00.1 -3.64 G
47 6-109 2018-09-25 12 18 27.3 09 20 27.3 -2.97 V
Mrk 50 12 23 24.1 +02 40 45 0.02343 48 6-133 2018-10-12 14 51 38.5 10 56 49.5 -1.44 V
50 142-271 2018-10-14 17 51 50.5 14 05 24.2 1.70 V
PG 1229+204 12 32 03.6 +20 09 28 0.06301 17 6-15 2013-03-05 03 59 27.0 09 32 25.6 -2.99 G
42 6-81 2013-05-19 00 52 09.0 11 20 18.2 -1.20 G
43 6-99 2013-05-20 03 06 54.0 13 39 21.9 1.12 G
46 6-35 2013-05-22 22 00 35.0 08 44 02.2 -3.80 G
NGC 4593 12 39 39.4 -05 20 39 0.00900 38 6-77 2013-05-09 03 06 56.0 12 56 01.8 0.27 G
41 6-116 2013-05-18 01 07 31.0 11 31 46.1 -1.13 G
NGC 4748 12 52 12.4 -13 24 53 0.01463 7 6-87 2013-02-14 07 27 03.0 11 45 41.2 -1.11 G
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37 10-93 2013-05-08 03 56 07.0 13 41 24.3 0.82 G
44 6-36 2013-05-21 01 21 09.0 11 57 16.0 -0.92 G
47 96-147 2013-05-26 02 29 44.0 13 25 45.1 0.56 G
MCG-06-30-015 13 35 53.7 -34 17 44 0.00775 8 14-27 2013-02-15 06 27 25.0 10 49 49.9 -2.77 G
59 99-151 2013-07-27 23 13 36.0 14 17 27.9 0.69 G
60 6-35 2013-07-28 23 19 44.0 14 27 33.5 0.86 G
61 6-117 2013-08-03 22 35 46.0 14 07 07.6 0.52 G
MCG-05-33-019 13 49 19.2 -30 18 34 0.01514 24 6-86 2013-04-01 07 19 54.0 14 39 52.3 0.84 G
30 6-87 2013-04-29 05 24 26.0 14 34 28.8 0.79 G
48 6-69 2013-05-27 01 59 39.0 12 59 31.7 -0.83 G
Mrk 279 13 53 03.4 +69 18 31 0.03045 13 31-82 2013-03-01 00 55 27.0 06 12 09.1 -7.68 G
14 6-99 2013-03-02 23 49 04.0 05 13 28.3 -8.66 G
22 6-75 2013-03-24 12 08 09.0 18 57 22.3 5.07 G
25 6-64 2013-04-01 10 24 57.0 17 45 25.7 3.87 G
31 6-65 2013-04-29 10 34 25.0 19 45 18.7 5.87 G
NGC 5548 14 17 59.5 +25 08 12 0.01718 28 6-102 2013-04-04 09 46 21.0 17 18 33.1 3.01 G
33 6-75 2013-05-01 07 38 06.0 16 56 23.9 2.64 G
37 94-161 2013-05-08 06 55 11.0 16 40 57.7 2.38 G
PG 1426+015 14 29 06.6 +01 17 06 0.08657 58 6-133 2018-11-26 13 52 30.5 12 54 56.7 -1.57 V
59 6-133 2018-11-27 16 24 05.5 15 30 53.2 1.03 V
67 6-123 2019-01-01 14 37 48.5 16 02 18.2 1.42 V
Mrk 817 14 36 22.1 +58 47 39 0.03146 32 7-113 2013-04-30 09 56 12.0 19 10 56.0 4.58 G
35 7-66 2013-05-06 10 06 48.0 19 45 13.1 5.15 G
40 6-98 2013-05-11 07 41 23.0 17 39 06.9 3.05 G
56 9-54 2013-07-07 18 22 10.0 08 06 22.9 -6.50 G
Mrk 478 14 42 07.5 +35 26 23 0.07906 42 6-135 2018-09-10 21 23 08.5 15 23 14.2 0.69 V
54 6-139 2018-10-17 14 48 36.5 11 13 29.8 -3.48 V
NGC 5940 15 31 18.1 +07 27 28 0.03393 57 6-137 2018-11-07 20 06 12.5 17 54 45.6 2.39 V
60 6-135 2018-11-28 15 17 07.5 14 27 40.7 -1.06 V
Mrk 290 15 35 52.3 +57 54 09 0.02958 1 6-177 2013-02-05 13 44 31.0 17 28 42.2 1.88 G
17 16-51 2013-03-05 04 54 53.0 10 28 00.7 -5.13 G
Mrk 493 15 59 09.6 +35 01 47 0.03133 34 6-131 2018-09-02 20 54 26.5 14 22 55.0 -1.60 V
56 6-139 2018-10-30 14 48 53.5 12 05 02.0 -3.90 V
3C390.3 18 42 09.0 +79 46 17 0.05610 13 6-25 2013-02-28 23 15 04.0 04 31 29.6 9.82 G
26 6-64 2013-04-01 11 30 26.0 18 58 58.6 0.28 G
52 6-70 2013-06-23 13 39 28.0 02 27 42.7 7.76 G
60 97-108 2013-07-29 03 29 26.0 18 37 56.5 -0.07 G
63 6-21 2013-08-10 21 53 39.0 13 52 29.5 -4.83 G
66 6-33 2013-08-31 04 07 46.0 21 26 29.1 2.74 G
67 6-12 2013-09-01 17 54 36.0 11 19 31.4 -7.38 G
68 6-19 2013-09-02 21 10 18.0 14 39 42.1 -4.04 G
Zw 229-015 19 05 25.9 +42 27 40 0.02788 30 6-135 2018-08-31 05 52 11.5 23 10 18.7 4.08 V
39 6-132 2018-09-08 00 39 51.5 18 28 39.9 -0.61 V
PGC 090334 19 37 33.0 -06 13 05 0.01031 18 6-79 2013-03-10 15 31 13.0 21 25 48.0 1.80 G
NGC 6814 19 42 40.6 -10 19 25 0.00521 40 6-55 2018-09-08 04 43 35.5 22 33 03.9 2.84 V
21 6-11 2013-03-18 14 15 20.0 20 41 14.9 1.06 G
PG 2130+099 21 32 27.8 +10 08 19 0.06298 15 6-87 2013-03-03 15 52 47.0 21 19 49.6 -0.21 G
16 6-35 2013-03-04 13 55 03.0 19 25 42.8 -2.11 G
19 6-113 2013-03-11 13 51 23.0 19 49 38.1 -1.71 G
58 6-37 2013-07-22 04 20 43.0 19 01 46.0 -2.51 G
NGC 7469 23 03 15.6 +08 52 26 0.01632 28 105-204 2013-04-04 13 51 10.0 21 24 02.3 -1.65 G
Note. −− Columns (1-3): Galaxy names in increasing right ascension. Column (4): Listed redshift value from literature. Column (5): Session number of
observation during observing block. Column (6): Scan number range of a given observation session. Column (7): Date. Columns (8-10): Universal time,
local standard time, and hour angle values at the midpoint of the observation on each date. Column (11): Backend of instrument used for observation, G
denotes GBT Spectrometer, V denotes VEGAS.
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Table 2
Spectral Characteristics
Target Exp Time S/N RMS Final Resolution Backend
(s) (K) (km s−1 chan−1)
(1) (2) (3) (4) (5) (6)
Mrk 1044 14720.6 15.7 0.0021 1.1 V
Ark 120 12684.7 9.8 0.0015 2.4 V
MCG+08-11-011 14405.1 23.4 0.0026 0.8 V
Mrk 6 12904.6 8.2 0.0014 3.0 G
Mrk 374 14163.8 4.7 0.0008 8.8 V
Mrk 79 1261.4 10.4 0.0038 3.0 G
NGC 2617 14843.2 45.4 0.0036 0.3 V
Mrk 704 20883.8 6.5 0.0009 3.2 V
Mrk 110 14160.4 8.9 0.0014 3.2 V
NGC 3227 458.6 13.1 0.0062 3.0 G
NGC 3516 56214.1 8.8 0.0006 4.0 V
SBS1116+583A 12445.8 4.0 0.0009 6.0 G
NGC 3783 4013.1 28.5 0.0059 0.6 G
Mrk 1310 7282.3 8.1 0.0017 3.0 G
NGC 4051 14965.0 112.0 0.0024 0.6 G
NGC 4151 344.1 42.0 0.0151 0.6 G
Mrk 766 15252.1 5.1 0.0008 6.0 G
NGC 4593 10204.7 19.1 0.0031 0.6 G
NGC 4748 14160.5 8.9 0.0013 1.8 G
MCG-06-30-015 12096.8 3.4 0.0015 3.0 G
Mrk 279 14739.9 8.4 0.0013 3.0 G
NGC 5548 13415.8 10.0 0.0011 4.8 G
Mrk 817 13879.6 5.8 0.0007 7.2 G
Mrk 478 13437.6 3.4 0.0012 5.6 V
NGC 5940 13917.5 10.2 0.0020 1.3 V
Mrk 290 11126.6 5.4 0.0009 6.0 G
Mrk 493 13051.6 38.9 0.0024 0.8 V
Zw 229-015 12750.2 6.8 0.0009 6.4 V
1H1934-063 4586.8 11.5 0.0027 1.8 G
NGC 6814 2812.5 81.0 0.0080 0.5 V
NGC 7469 4243.3 4.9 0.0022 3.0 G
Note. — Column (2) lists the total time spent on source after removal of con-
taminated scans. Column (3) lists approximate S/N, and the values were calculated
as either a) the average value of the peak fluxes of the horns and mid-profile peak
fluxes divided by the RMS of the noise or b) the peak value of the Gaussian-shaped
profile divided by the RMS of the noise. Column (4) lists values for the root mean
square of the noise in each spectra. Column (5) denotes the final velocity resolu-
tion per channel after spectral smoothing was applied (other than initial Hanning
smoothing). Column (6) lists the backend of instrument used for observation, G
denotes GBT Spectrometer, V denotes VEGAS. The default velocity resolutions
of the GBT Spectrometer and VEGAS are 0.3 and 0.08 km s−1 channel−1, respec-
tively.
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Table 3
HI Spectroscopic Measurements
Target TL TL W50 W50 W20 W20 VR VR Backend
gmeasure BUSYFIT gmeasure BUSYFIT gmeasure BUSYFIT gmeasure BUSYFIT
(K km s−1) (K km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1) (km s−1)
Mrk 1044 4.95+0.06−0.03 5.01±0.05 183.2+4.6−2.9 172.2±5.2 196.2+4.3−10.4 202.9±3.0 4910.77+0.69−1.35 4912.00±0.90 V
Ark 120 3.43+0.15−0.11 3.63±0.76 337.3+17.0−13.1 315.9±20.8 344.4+18.4−17.9 372.6±10.3 9806.38+9.22−4.51 9826.00±26.96 V
MCG+08-11-011 14.71+0.32−0.19 14.92±1.93 310.8+6.7−5.1 293.0±4.6 327.3+12.6−8.6 322.4±3.9 6133.26+1.31−1.04 6141.00±4.01 V
Mrk 6 3.04 +0.19−0.19 3.18±0.57 435.8 +6.4−0.5 440.3±2.8 447.7 +9.7−12.9 463.7±3.4 5631.35+0.48−2.98 5621.00±5.12 G
Mrk 374 0.59+0.02−0.01 0.57±0.27 263.8+0.9−1.0 252.3±59.9 276.3+6.6−0.9 272.8±31.1 13250.00+0.07−0.06 13240.00±15.18 V
Mrk 79 5.02 +0.34−0.33 5.51±0.85 154.4 +9.7−4.5 159.6±4.2 160.3 +12.9−14.3 182.8±3.5 6657.41+4.76−3.88 6656.00±2.82 G
NGC 2617 18.27+0.65−0.31 18.51±0.58 126.3+5.9−4.2 111.6±0.5 143.8+12.1−9.7 134.9±0.5 4265.06+0.63−0.28 4269.00±0.33 V
Mrk 704 0.19+0.02−0.02 0.23±0.05 46.9+6.6−3.2 52.2±14.2 57.8+12.8−12.9 77.1±21.1 9525.87+1.60−2.55 9530.00±9.03 V
Mrk 110 0.95+0.08−0.07 1.14±0.74 127.2+16.6−19.2 104.9±8.6 145.0+18.8−18.5 171.2±10.6 10558.90+6.56−9.49 10570.00±5.83 V
NGC 3227 28.51 +0.53−0.34 29.13±5.35 430.1 +10.8−2.8 135.9±117.8 441.2 +12.9−15.4 436.3±3.8 1144.74+4.33−0.82 1192.00±20.21 G
NGC 3516 0.41 +0.02−0.02 0.46±0.02 143.4 +5.4−9.6 134.6±7.4 156.5 +15.4−12.5 183.9±10.0 2627.31 +3.76−4.67 2635.00±4.25 V
SBS1116+583A 0.38 +0.03−0.02 0.42±0.19 142.2+9.3−10.5 145.1±37.4 148.2 +12.9−17.3 167.6±18.8 8376.82+7.62−2.28 8378.00±10.44 G
NGC 3783 20.08 +1.14−0.48 20.34±1.90 145.9 +9.5−2.2 138.0±1.7 155.4 +12.4−9.3 152.5±1.5 2916.08+3.88−0.64 2913.00±0.92 G
Mrk 1310 2.26 +0.08−0.03 2.30±0.42 243.2 +8.0−6.8 238.3±2.1 244.8 +9.7−10.0 250.5±2.6 5837.72+5.55−2.50 5838.00±1.27 G
NGC 4051 60.69 +0.83−0.41 61.37±0.17 247.9 +2.5−1.1 236.3±0.1 264.5 +9.5−2.9 264.5±0.1 703.56+0.40−0.08 703.40±0.05 G
NGC 4151 72.73 +1.26−0.82 72.57±1.85 134.1 +1.7−1.7 120.3±0.5 152.5 +8.5−0.7 139.6±0.4 998.56+0.14−0.41 997.90±0.32 G
Mrk 766 0.37 +0.02−0.01 0.37±0.23 120.8 +7.9−1.9 104.2±14.0 138.6 +10.1−0.6 126.1±13.9 3899.68+0.42−2.95 3904.00±2.65 G
NGC 4593 13.10 +0.49−0.17 13.20±1.07 361.5 +11.7−3.3 357.2±1.8 367.0 +12.7−13.6 367.6±1.6 2501.80+1.14−5.46 2501.00±1.57 G
NGC 4748 2.61 +0.09−0.05 2.68±0.33 315.4 +9.4−2.0 306.9±5.6 323.3 +12.2−12.3 332.2±3.6 4183.19+3.60−2.25 4196.00±10.92 G
MCG-06-30-015 0.14 +0.04−0.02 0.18±0.16 28.3 +9.0−6.5 18.6±28.3 29.0 +6.4−8.3 43.1±16.1 2353.53+4.15−3.56 2358.00±8.98 G
Mrk 279 0.96 +0.07−0.08 1.23±0.41 146.1 +18.1−22.7 142.7±12.0 154.6 +19.3−19.3 219.5±16.2 9211.71+8.29−6.49 9210.00±4.94 G
NGC 5548 1.77 +0.07−0.06 2.03±0.93 189.1 +10.3−3.0 197.5±15.7 197.3 +11.8−14.0 251.2±9.3 5145.78+5.15−1.50 5159.00±3.79 G
Mrk 817 0.63 +0.03−0.02 0.67±0.09 293.5 +7.8−7.8 299.1±54.5 303.7 +10.0−7.8 331.0±17.7 9420.14+4.08−3.91 9438.00±14.24 G
Mrk 478 0.64+0.03−0.01 0.67±0.27 294.5+11.1−10.6 296.8±65.6 296.9+13.6−12.3 327.0±53.7 23879.90+5.54−5.26 23870.00±24.61 V
NGC 5940 3.31+0.04−0.02 3.30±0.33 188.8+0.7−0.5 183.7±1.9 204.5+5.9−6.5 201.8±1.9 10209.40+0.06−0.08 10210.00±0.65 V
Mrk 290 0.70 +0.02−0.03 0.73±0.04 192.9 +12.8−3.0 194.3±8.3 219.0 +12.9−11.1 224.9±7.4 9087.17+1.33−6.42 9091.00±15.51 G
Mrk 493 3.25+0.16−0.10 3.20±0.13 54.6+6.5−8.4 35.0±10.5 74.7+12.1−10.9 55.0±23.7 9442.21+1.92−0.31 9442.00±3.85 V
Zw 229-015 0.85+0.05−0.04 0.92±0.09 195.7+13.0−10.6 202.8±21.7 203.5+16.0−15.5 219.9±33.6 8316.11+9.39−2.12 8319.00±13.78 V
1H1934-063 4.39 +0.08−0.04 4.42±0.45 163.6 +0.9−0.6 160.3±2.0 186.4 +8.6−7.2 180.4±1.9 3191.42+0.06−0.09 3192.00±1.29 G
NGC 6814 54.24+2.12−1.15 54.42±0.16 89.0+4.2−3.1 79.2±0.1 105.1+11.4−8.4 96.2±0.1 1562.34+0.36−0.16 1561.00±0.04 V
NGC 7469 1.91 +0.31−0.31 1.95±0.59 192.6 +9.8−13.9 184.6±34.0 196.2 +12.7−16.1 208.8±16.9 4927.87 +4.99−6.79 4939.00±8.38 G
Note. — Spectroscopic measurements from gmeasure and BUSYFIT. Asymmetric error bars for the gmeasure measurements are the result of our bootstrap
method discussed in Sec. 2.3. The last column lists the backend used for observation, G denotes GBT Spectrometer, V denotes VEGAS.
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Table 4
Previous Measurements
Target Flux W50 W20 VR S/N Ref
(Jy km s−1)a or (K km s−1)b (km s−1) (km s−1) (km s−1)
Mrk 1044 · · · · · · 489 4932 · · · 1
2.58±0.16[a] 193.9 · · · 4914 · · · 2
Ark 120 1.51±0.71[a] 194±33 233±50 9807±17 3.8 3
1.51[a] 97±80 · · · 9740 2.1 4
1.965[a] · · · 370.3±6.8 9809.2±3.4 · · · 5
MCG+08-11-011 · · · · · · · · · 6146 · · · 1
9.53[a] 310±15 · · · 6133 8.5 6
Mrk 374 8.54±1.94[a] 74±16 121±24 · · · 6.9 7
Mrk 79 3.94[a] 169±15 · · · 6657 8.5 6
3.95 ± 0.46[a] 155±7 · · · 6659 ± 5 12.1 6
NGC 2617 · · · 115.1 138.0 4208±8 · · · 8
7.02[a] 120±100 · · · 4267 10.1 9
9.3[a] 112.4 143.0 4265.2 · · · 10
9.3[a] 112.4 · · · 4264.0 · · · 11
Mrk 704 0.2[a] · · · 250 9510 · · · 12
NGC 3227 15.495[a] · · · 453.4±6.8 1135.6±3.4 · · · 5
13.1[a] 430 · · · 1050 ± 20 · · · 13
· · · 103 437 1146±5 · · · 14
10.5[b] · · · 234[c] 1284 ± 9 · · · 15
14[a] · · · · · · 1148 · · · 16
· · · · · · · · · 1152 ± 25 · · · 17
· · · · · · 526 1146 · · · 1
· · · · · · 293±442 1183 · · · 18
NGC 3783 8.45[a] 145±5 151±30 2889 15.50 6
· · · 145 159 2901 ± 20 · · · 6
8.83[a] 147±13 · · · · · · 10.2 9
· · · · · · 154±7 2917 · · · 19
NGC 4051 39.8[b] · · · 268[c] 706 ± 9 · · · 15
30.82[a] 246±8 · · · 704 46.5 4
· · · · · · 267±8 704±7 · · · 20
NGC 4151 46.0[b] · · · 156[c] 999 ± 9 · · · 15
· · · · · · 142±6 996 · · · 21
NGC 4593 11.1 ± 1[a] 358±10 378±14 2499 ± 5 · · · 22
7.55±0.36[a] 355.5 · · · 2531 · · · 2
NGC 5548 1.384[a] · · · 321.1±6.8 5169.8±3.4 · · · 5
· · · 110 · · · 5200 ± 20 · · · 13
· · · · · · 472 5142 · · · 1
· · · 218±25 · · · 5152 4.1 23
1.73 ± 0.1[a] 303 ± 15 · · · 5093 9.6 24
Mrk 478 0.48 ± 0.07[a] 395 ± 26 477 ± 39 23406 ± 13 4.81 25
NGC 5940 1.828[a] 187 240 10210 ± 3 9.3 26
· · · · · · 215 10205 · · · 1
1.729[a] 181.4 199.1 10211 11.6 27
1.80 ± 0.08[a] 189 ± 3 · · · 10207 12.2 28
1.36[a] 183 ± 19 · · · 10214 3.4 6
· · · · · · · · · 10203 ± 32 · · · 8
Mrk 493 · · · · · · 60 9442 · · · 1
1.61[a] 67 · · · 9430 · · · 29
1.398[a] 35.7 59.8 9443 10.4 27
1H1934-063 · · · · · · · · · 3070±7 · · · 8
NGC 6814 29.5[a] · · · 94 1565 ± 8 · · · 30
· · · · · · 134 1561 · · · 1
37.3 ± 4.0[a] 82 105 1563 ± 2 · · · 31
33.68[a] 86 ± 8 · · · 1563 40.2 6
· · · · · · 124 ± 5 1562 ± 5 · · · 18
NGC 7469 1.85 ± 0.2[a] 306 · · · 4877 15.8 6
3.741[a] · · · 525.1±6.8 4899.5±3.4 · · · 5
· · · 570 · · · 5200 ± 20 · · · 13
1.90[a] 358±100 · · · 4860 3.8 4
· · · 515 583 4971±41 · · · 32
· · · · · · 395 4916 · · · 1
Note. — References are as follows: 1. Mirabel & Wilson (1984), 2. König et al. (2009), 3. Theureau et al. (2005), 4. Tully et al. (2009b), 5. Ho et al. (2008a), 6.
Springob et al. (2005), 7. Davoust & Contini (2004), 8. Paturel et al. (2003), 9. Theureau et al. (2006), 10. Meyer et al. (2004), 11. Doyle et al. (2005), 12. Hutchings
(1989), 13. Biermann et al. (1979), 14. van Driel et al. (2001), 15. Dickel & Rood (1978), 16. Davis & Seaquist (1983), 17. Peterson (1979), 18. Huchtmeier & Richter
(1989), 19. Theureau et al. (1998), 20. Fisher & Tully (1981), 21. Tifft & Cocke (1988), 22. Staveley-Smith & Davies (1987), 23. Stierwalt et al. (2005), 24. Haynes et al.
(2013), 25. Teng et al. (2013), 26. Lewis (1983), 27. Lewis (1987), 28. Haynes et al. (2011), 29. Haynes & Giovanelli (1984), 30. Shostak (1978), 31. Koribalski et al.
(2004) 32. Richter & Huchtmeier (1982).
aFlux measured in Jy km s−1.
bFlux measured in K km s−1
cWidth corrected for resolution of instrument, and defined as half-width at one-quarter peak intensity. Displayed as double the original value.
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Table 5
z Comparisons
Target z (HI) z (HI) Ref z (Opt) z (IR) z (UV) Ref
This Work Lit Lit Lit Lit
(1) (2) (3) (4) (5) (6) (7) (8)
Mrk 1044 0.01638 · · · · · · 0.01621 · · · 0.01600 10,11
Ark 120 0.03271 0.03271 1 0.03312 · · · · · · 12
MCG+08-11-011 0.02046 0.02046 2 0.02064 · · · · · · 12
Mrk 6 0.01878 0.01881 3 0.01701 - 0.01975 · · · · · · 13
Mrk 374 0.04420 0.04263 4 0.04385 · · · · · · 14
Mrk 79 0.02221 0.02221 2 0.02192 - 0.02242 0.02220 · · · 13,15
NGC 2617 0.01423 0.01421 5 0.01432 · · · · · · 13
Mrk 704 0.03177 · · · · · · 0.02923 - 0.02991 0.02900 0.02900 16,12,15,11
Mrk 110 0.03522 · · · · · · 0.03529 · · · · · · 17
NGC 3227 0.00382 · · · · · · 0.00371 - 0.00383 0.00400 · · · 18,19,15
NGC 3516 0.00876 · · · · · · 0.00872 - 0.00884 0.00900 · · · 18,17,15
SBS1116+583A 0.02794 · · · · · · 0.02788 · · · · · · 20
NGC 3783 0.00973 0.00973 6 0.00851 - 0.01022 0.00970 · · · 13,15
Mrk 1310 0.01947 · · · · · · 0.01956 - 0.02000 · · · · · · 21,22
NGC 4051 0.00235 0.00234 7 0.00209 - 0.00235 0.00200 · · · 18,19,15
NGC 4151 0.00333 0.00333 8 0.00319 - 0.00320 0.00300 · · · 23,18,15
Mrk 766 0.01301 · · · · · · 0.01293 - 0.01300 0.01293 - 0.01300 · · · 24,22,25,15
NGC 4593 0.00835 · · · · · · 0.00797 - 0.00900 0.00900 · · · 13,26
NGC 4748 0.01395 · · · · · · 0.01463 0.01500 · · · 27,15
MCG-06-30-015 0.00785 · · · · · · 0.00775 0.00775 - 0.00800 · · · 28,29,15
Mrk 279 0.03073 · · · · · · 0.02970 0.03025 - 0.03045 0.03050 30,31,32,33
NGC 5548 0.01716 0.01699 - 0.01727 3 0.01645 - 0.01651 0.01700 - 0.01717 0.01720 34,35,20,15,31,33
Mrk 817 0.03142 · · · · · · 0.03120 0.03100 - 0.03146 0.03130 30,15,32,33
Mrk 478 0.07965 · · · · · · 0.07500 - 0.07906 0.07700 0.07700 36,12,37,11
NGC 5940 0.03405 0.03408 2 0.03369 - 0.03400 0.03400 38,39,11
Mrk 290 0.03031 · · · · · · 0.03023 - 0.03040 0.03000 - 0.03062 0.02960 40,20,37,31,33
Mrk 493 0.03150 · · · · · · 0.03131 - 0.03133 · · · 0.03100 12,16,11
Zw 229-015 0.02774 · · · · · · 0.02660 - 0.02788 · · · · · · 41,42
1H1934-063 0.01065 0.01025 5 0.01060 0.01059 · · · 43,26
NGC 6814 0.00521 0.00521 - 0.00522 9,2 0.00479 - 0.00503 0.00567 · · · 18,12,44
NGC 7469 0.01644 0.01627 3 0.01580 - 0.02000 0.01600 · · · 45,16,15
Note. — The uncertainties on the redshift measurements ranged from∼0.002%-0.15%. Column (4) denotes the references for z from HI analysis and are
as follows: 1. Theureau et al. (2005), 2. Springob et al. (2005), 3. Gallimore et al. (1999), 4. Davoust & Contini (2004), 5. Paturel et al. (2003), 6. Theureau
et al. (1998), 7. Verheijen & Sancisi (2001), 8. Wolfinger et al. (2013), 9. Koribalski et al. (2004). Column (8) denotes the references for all other z values and
are as follows: 10. Huchra et al. (1993), 11. Monroe et al. (2016), 12. de Vaucouleurs et al. (1991), 13. NED, 14. Rines et al. (2000), 15. Hernán Caballero
(2012), 16. Falco et al. (1999), 17. Keel (1996), 18. Humason et al. (1956), 19. Hakobyan et al. (2012), 20. Oh et al. (2015), 21. Ho & Kim (2009), 22.
Stocke et al. (1991), 23. Wong et al. (2008), 24. Ramella et al. (1995), 25. Smith et al. (1987), 26. Strauss et al. (1992), 27. Maza & Ruiz (1989), 28. Kaldare
et al. (2003), 29. Fisher et al. (1995), 30. Osterbrock & Pogge (1987), 31. Mendoza-Castrejón et al. (2015), 32. Strauss & Huchra (1988), 33. Tilton et al.
(2012), 34. Haynes et al. (2011), 35. Humason et al. (1956), 36. Richards et al. (2009), 37. Shi et al. (2014), 38. Rines et al. (2016), 39. Wu & Jia (2010), 40.
Argudo-Fernández et al. (2015), 41. Smith et al. (2015), 42. Proust et al. (1995), 43. Panessa et al. (2011), 44. Riffel et al. (2013), 45. Joshi et al. (2012).
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Table 6
Mass Estimates
Target Morphology DL Ref Log MBH Ref Log MSTARS Log MGAS Log MBARY
(Mpc) (M) (M) (M) (M)
(1) (2) (3) (4) (5) (6) (7) (8) (9)
Mrk 1044 SB(s)cb 69.1 ± 7.0 1 6.71 +0.12−0.10 7 9.88 ± 0.51 9.60 +0.08−0.08 10.06 ± 0.39
Ark 120 Sb peca 139.6 ± 7.1 2 8.07 +0.05−0.06 8 11.04 ± 0.23 10.05 +0.05−0.04 11.08 ± 0.21
MCG+08-11-011 SBcb 86.5 ± 7.0 1 7.43 +0.15−0.15 9 11.37 ± 0.50 10.27 +0.07−0.07 11.40 ± 0.48
Mrk 6 Sbb 80.6 ± 7.1 2 8.10 +0.04−0.04 8 10.68 ± 0.23 9.52 +0.07−0.07 10.71 ± 0.22
Mrk 374 SBcb 190.2 ± 7.2 1 7.30 +0.31−0.31 9 10.85 ± 0.50 9.55 +0.03−0.03 10.87 ± 0.49
Mrk 79 SBba 94.0 ± 7.2 2 7.61 +0.11−0.14 8 10.69 ± 0.23 9.87 +0.07−0.07 10.75 ± 0.21
NGC 2617 Scb 59.9 ± 7.0 1 7.49 +0.14−0.14 9 10.47 ± 0.51 10.04 +0.09−0.09 10.61 ± 0.42
Mrk 704 SBabb 135.5 ± 7.1 1 7.61 +0.06−0.06 10 11.10 ± 0.40 8.77 +0.06−0.06 11.10 ± 0.40
Mrk 110 Scb 150.9 ± 7.1 2 7.29 +0.10−0.10 8 10.69 ± 0.23 9.56 +0.05−0.05 10.72 ± 0.22
NGC 3227 SAB(s) peca 16.1 ± 2.4 3 6.78 +0.08−0.11 8 11.03 ± 0.23 9.09 +0.11−0.11 11.04 ± 0.23
NGC 3516 (R)SB(s)a 37.1 ± 7.0 2 7.40 +0.04−0.06 8 10.52 ± 0.25 7.97 +0.14−0.14 10.52 ± 0.25
SBS1116+583A SBcb 118.5 ± 7.1 2 6.56 +0.08−0.09 8 10.38 ± 0.23 8.96 +0.06−0.06 10.40 ± 0.22
NGC 3783 (R’)SB(r)aa 25.1 ± 5.0 4 7.37 +0.08−0.08 8 10.48 ± 0.24 9.33 +0.15−0.15 10.51 ± 0.23
Mrk 1310 Sbcb 82.7 ± 7.0 2 6.21 +0.07−0.09 8 9.98 ± 0.23 9.41 +0.07−0.07 10.08 ± 0.19
NGC 4051 SAB(rs)bca 9.8 ± 3.4 4 6.13 +0.12−0.16 8 10.13 ± 0.25 8.99 +0.23−0.23 10.16 ± 0.24
NGC 4151 (R’)SAB(rs)aba 13.9 ± 3.3 4 7.56 +0.05−0.05 8 10.40 ± 0.25 9.37 +0.17−0.17 10.44 ± 0.23
Mrk 766 SBcb 54.4 ± 7.0 2 6.82 +0.05−0.06 8 10.18 ± 0.24 8.27 +0.10−0.10 10.19 ± 0.24
NGC 4395 SA(s)ma 4.1 ± 0.4 5 5.45 +0.13−0.15 8 9.08 ± 0.41 9.21 +0.08−0.08 9.45 ± 0.23
NGC 4593 (R)SB(rs)ba 37.7 ± 7.5 4 6.88 +0.08−0.10 8 10.83 ± 0.25 9.50 +0.15−0.15 10.85 ± 0.24
NGC 4748 Sabb 61.6 ± 7.0 2 6.41 +0.11−0.18 8 10.46 ± 0.24 9.22 +0.09−0.09 10.48 ± 0.23
MCG-06-30-015 S0b 25.5 ± 3.5 4 6.20 +0.35−0.35 8 10.02 ± 0.22 7.17 +0.15−0.12 10.02 ± 0.22
Mrk 279 S0a 129.7 ± 7.1 2 7.44 +0.10−0.13 8 11.07 ± 0.23 9.43 +0.05−0.05 11.08 ± 0.23
NGC 5548 (R’)SA(s)0/aa 75.0 ± 7.3 6 7.72 +0.02−0.02 8 11.10 ± 0.23 9.22 +0.08−0.08 11.11 ± 0.23
Mrk 817 SBca 134.2 ± 7.1 2 7.59 +0.06−0.07 8 10.97 ± 0.23 9.28 +0.05−0.04 10.98 ± 0.23
Mrk 478 Sabb 351.6 ± 7.4 1 7.40 +0.18−0.18 11 11.15 ± 0.50 10.12 +0.03−0.02 11.19 ± 0.47
NGC 5940 SBcb 145.5 ± 7.1 1 7.04 +0.07−0.06 12 11.06 ± 0.40 10.07 +0.04−0.04 11.10 ± 0.37
Mrk 290 S0b 130.0 ± 7.3 6 7.28 +0.06−0.06 8 10.52 ± 0.40 9.30 +0.05−0.05 10.54 ± 0.38
Mrk 493 SB(r)cb 134.3 ± 7.1 1 6.41 +0.04−0.09 7 10.44 ± 0.50 9.99 +0.05−0.05 10.57 ± 0.41
Zw 229-015 (R)SBcb 120.2 ± 7.2 2 6.91 +0.08−0.12 8 10.32 ± 0.23 9.31 +0.05−0.05 10.36 ± 0.21
1H1934-063 Sbcb 45.2 ± 7.0 1 6.40 +0.17−0.20 11 10.53 ± 0.21 9.18 +0.12−0.12 10.55 ± 0.20
NGC 6814 SAB(rs)bca 21.8 ± 7.0 2 7.04 +0.06−0.06 8 10.34 ± 0.29 9.64 +0.22−0.22 10.42 ± 0.26
NGC 7469 (R’)SAB(rs)aa 68.8 ± 7.0 2 6.96 +0.05−0.05 8 10.88 ± 0.23 9.18 +0.10−0.10 10.89 ± 0.23
Note. — Mass estimates and morphologies for the AGNs in this study. Morphological classifications in column (2) are from NED or the B/T
ratios from the results of the surface brightness decomposition parameters from Bentz et al. (2009), Bentz et al. (2013), Bentz et al. (2016), and
Bentz & Manne-Nicholas (2018). Classifications were assigned to the B/T values based on Figure 6 of Kent (1985) (see Sec. 4.1). Column (3)
lists the distances employed for each galaxy and are described in Sec. 3.1. The references listed in column (4) are for the sources of the distance
values and are as follows: 1. estimated from redshift of HI emission line; this work, 2. Bentz & Manne-Nicholas (2018), 3. Tonry et al. (2001),
4. Courtois et al. (2009), 5. Thim et al. (2004), 6. Bentz et al. (2013). Column (5) lists the SMBH values of each galaxy and are discussed in
Sec. 3.4. The references listed in column (6) are for the sources of the MBH values and are as follows: 7. mass calculated with τHβ by Hu et al.
(2015), σline by Du et al. (2016), and scaled with 〈 f 〉 = 4.3, 8. the AGN Black Hole Mass Database (Bentz & Katz 2015), 9. the virial mass from
Fausnaugh et al. (2017) scaled with 〈 f 〉 = 4.3, 10. the virial mass from De Rosa et al. (2018) scaled with 〈 f 〉 = 4.3, 11. preliminary mass estimate
from in-hand reverberation mapping data, 12. mass calculated from the σline by Barth et al. (2015), τHβ by Barth et al. (2013), and scaled with
〈 f 〉 = 4.3. MSTARS estimates are listed in column (7) and the calculations are described in Sec. 3.3. The calculations for MGAS estimates listed in
column (8) are described in Sec. 3.2. MBARY values in column (9) were calculated as MGAS + MSTARS .
aClassification from NED.
bDerived classification from surface brightness decompositions.
